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ABSTRACT 


The purpose of this study was to investigate the effects of 
dextroamphetamine sulfate on selected physiological, psychological, 
and physical performance parameters of male athletes in the non- 
competitive season. A sample of twelve volunteer male athletes 
ranging in age from 18 to 33 years participated in the study. Each 
subject received 0.14 mg. per kilogram of body weight of dextro- 
amphetamine sulfate in a solution of eight ounces of orange juice. 

Predicted work loads for all subjects were determined from 
the results of a preliminary testing session involving a progressively 
increased work load test on the bicycle ergometer. These work loads, 
corresponding to 90% of the subjects’ maximum heart rates attained 
during the preliminary session, were used for the next three testing 
sessions. 

For thie three testing sessions, each subject completed the 
test protocol once without taking either dextroamphetamine sulfate or 
the placebo, once after being administered dextroamphetamine sulfate, 
and once after being administered the placebo. The order in which the 
subjects Becca the three treatments was determined by a Latin square 
design. Both the dextroamphetamine sulfate and the placebo were 
administered double blind one-half hour prior to exercise. 

Resting measurements of heart rate, systolic and diastolic 
blood pressures, and oxygen uptake were taken one-half hour after 
reporting to the laboratory. Endurance performance time on the bicycle 
ergometer at the predetermined constant work loads was measured. Heart 


rate, systolic and diastolic blood pressures, oxygen uptake, and 
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ratings of perceived exertion were measured at specific time intervals 
during exercise. Recovery measurements of heart rate, Seated 
diastolic blood pressures, and oxygen uptake were taken five, ten, and 
fifteen minutes following the end of exercise. 

Dextroamphetamine sulfate in the dose of 0.14 mg. per kilogram 
of body weight had no significant effects on heart rate, systolic or 
diastolic blood pressures, or oxygen uptake measured at rest; systolic 
or diastolic blood pressures, oxygen uptake, or ratings of perceived 
exertion measured during exercise; or diastolic blood pressure measured 
during recovery from exercise. The drug administered had no significant 
effect on endurance performance time on the bicycle ergometer. Heart 
‘rate was the only parameter measured during exercise that was 
significantly affected by the administration of the drug. Significant 
drug effects were reported for both heart rate and systolic blood 
pressure measured during recovery from exercise. Oxygen uptake measured 
during recovery from exercise was significantly different between the 
drug and control treatments, but not between the drug and placebo 


treatments. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 
INTRODUCTION 


With the emphasis on excellence and winning in competitive 
sport, and the advantages of prestige and success for the individuals 
involved, athletes are subjected to pressures to engage in artificial 
methods to improve their levels of physical performances. The 
importance of small but significant improvements in performances, that 
may be difficult to attain by normal methods, has led to the widespread 
use of ergogenic aids in athletics. 

The use of substances to enhance physical performances has eee 
known since ancient times (30, 43). The Greeks and Romans described the 
use of agents such as cannabis, opium, hyoscyamus, and stramonium 
leaves (43). Thus, pharmacological agents are ergogenic aids that were 
widely used in aehiericadin ancient times, and are still in wide use in 
athletics today. 

Drugs play an important role in our culture. As athletics form 
a significant part of our culture, drugs play an integral role in 
athletics. Amphetamines are the paps most commonly used to stimulate 
athletic performances (22, 30, 43, 52, 53). It is well known that 
amphetamines, as a central nervous system stimulant, have the ability 
to decrease or mask the physiological sense of fatigue (21, 30, 33, 44, 
45, 47, 52, 53). Amphetamines, due to their ability to mask the 
perception of fatigue symptoms, cause further strain to be placed on 


the physiological processes that are already naturally strained by 
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physical exertion. Thus, the perception of fatigue may be masked due to 
the amphetamines, but the physiological fatigue is not abolished. It 
has been hypothesized that in events of prolonged duration, this 
masking of physiological fatigue may be dangerous to the athlete; and 
he may be strained beyond his natural physiological limitations. This 
assumption has not been documented with properly controlled research 
studies. 

There is lack of unanimity in the literature on the effects of 
amphetamines on human physical performances. Smith and Beecher (66) 
concluded that amphetamine sulfate in the dose of 14 mg. per 70 kg. of 
body weight, taken orally two to three hours prior to swimming, running, 
weight-throwing, or shot-putting, improved the performances of 75% of . 
the 57 male trained athletes studied. However, Karpovich (40) reported 
that amphetamine sulfate, in the oral doses of 10 or 20 mg. given one 
hour or thirty minutes respectively prior to being tested, had no 
effects on the physical performances of the 54 male athletes tested as 
measured by times in treadmill running, swimming, and track running. 
Haldi and Wynn (36) reported that five milligrams of benzedrine sulfate 
given orally to 12 subjects, one-half hour prior to being tested, had 
no effects on their swimming performances. Smith, Weitzner, and Beecher 
(67) concluded that amphetamine sulfate, in the dose of 14 mg. per 70 
kg. of body weight, given orally two and one-half hours prior to 
swimming, improved the performances of the 15 subjects tested only when 
the subjects swam in groups. Borg et al. (16) reported improvements in 
the final performances of a series of intermittent and maximal work 
periods of short duration on the bicycle ergometer after 10 subjects 


had orally ingested 10 mg. of amphetamine sulfate, thirty minutes prior 
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to being tested, as compared to the performances of the 14 subjects who 
had been administered placebos. Golding and Barnard (31) reported that 
15.mg. of d-amphetamine sulfate, given orally two to three hours prior 
to being tested, had no effects on all-out treadmill running times of 
20 subjects. Margaria, Aghemo, and Rovelli (49) reported that 10 mg. of 
methedrine, given orally ninety minutes prior to being tested, had no 
effects on performance times of subjects running to maximum on the 
treadmill. Somerville (69) reported that doses of 15, 30, or 35 mg. of 
benzedrine given orally to 150 soldiers near the end of either 17 or 

56 hours of physically fatiguing exercises had no effects on 
performance times on obstacle courses compared to the performance 

times of the 100 soldiers who had been administered placebos. 
Cuthbertson and Knox (20) reported that 15 mg. of methedrine given 
orally to 27 soldiers, immediately prior to being tested, had no effect 
on the total time taken to cover a 18 mile walk as compared to the 28 
soldiers given placebos. Foltz, Schiffrin, and Ivy (27) reported that 
10 mg. of amphetamine sulfate given orally to 23 male subjects, one 
hour prior to being tested, had no significant effect on the work 
output of the subjects tested during a bench stepping test. 

There is also no unanimity in the literature on the effects of 
amphetamines on physiological parameters. Altschule and Iglauer (1) 
reported that oral doses of benzedrine greater than 10 mg. and intra- 
muscular injection of 10 mg. of benzedrine, given immediately prior to 
being tested, produced increases in resting systolic and diastolic 
blood pressures but had no effect on heart rate at rest of the 15 
subjects tested. Finkelstein, Alpern, and Gantt (25) concluded that 


amphetamine sulfate in oral doses of 10 to 15 mg. and 20 to 30 mg., 
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given fifteen minutes prior to brit omits being taken, increased 
systolic and diastolic blood pressures at rest, but had no effect on 
heart rate at rest of the 19 subjects tested as compared to the results 
of the 19 subjects given placebos and the 17 subjects acting as 
controls. Goldstein, Searle, and Schimke (32) reported that 10 mg. of 
d-amphetamine sulfate administered orally to 19 subjects, one hour 
prior to measurements being taken, had no effects on resting heart 
rate, or systolic or diastolic blood pressures. Snyder, Faillace, and 
Weingartner (68) concluded that neither 1.5 mg. of 2,5-dimethoxy-4- 
ethyl amphetamine (DOET) nor 10 mg. of dexedrine, administered orally 
to 10 male university students, had any effects on resting heart rate, 
or systolic and diastolic blood pressures for a period covering six 
hours after drug administration. Martin et al. (50) reported that 
subcutaneous administration of 7.5, 15, and 30 mg. per 70 kg. of body 
weight of d-amphetamine sulfate, and 15 and 30 mg. per 70 kg. of body 
weight of d-methamphetamine sulfate produced increases in heart rate 
and mean blood pressure of 12 subjects tested for twelve hours after 
drug administration. Segers, s'Jongers, and Lewillie (62) reported that 
three hours after administering orally 25 mg. of dexedrine to five 
subjects there was an increase in heart rate and oxygen consumption 

at rest and during exercise of a submaximal and maximal nature on the 
bicycle ergometer, in systolic blood pressure during exercise, and 
heart rate during recovery from exercise. The drug tested had no 
effects on systolic blood pressure during rest or recovery from 
exercise; diastolic blood pressure during rest, exercise, or recovery 
from exercise; and oxygen consumption during recovery from exercise. 


Margaria, Aghemo, and Rovelli (49) reported that 10 mg. of methedrine 
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orally administered, in capsule form, ninety minutes prior to maximal 
performances on the treadmill of three male subjects, had no effects on 
maximum oxygen consumption or maximum heart rate attained during 
exercise. Golding and Barnard (31) reported an increase in resting 
heart rate and systolic blood pressure, two to three hours after 20 
subjects had been orally administered 15 mg. of d-amphetamine sulfate. 
The drug used also retarded systolic blood pressure recovery following 
the first run on the treadmill, and retarded heart rate and systolic 
blood pressure recovery following the second run on the treadmill. 
Seashore and Ivy (61) reported increases in heart rate, and systolic 
and diastolic blood pressures of 16 soldiers who had been given orally 
two doses of 10 mg. of benzedrine nine to ten and one-half hours and 
three to four hours prior to the measurements being taken. The soldiers 
had been engaged in all day marches and all night guard duty. Seashore 
and Ivy (61) reported no change in heart rate, and increases in systolic 
and diastolic blood pressures of 18 soldiers after oral administration 
of one or two doses of 10 mg. of benzedrine, nine and one-half hours 
and sometimes three to four hours prior to the measurements being 
taken. The soldiers had been engaged in 15 to 16 hours of continuous 
marching and guard duty. 

The evidence accumulated from studies dealing with the effects 
of amphetamines on physical performance parameters and physiological 
parameters presents contradictory findings and have dealt almost 
exclusively with activities of short duration. The literature reviewed 
revealed little evidence on the effects of amphetamines on endurance 
activities of relatively prolonged duration. Thus, studies involving 


exercise periods of a longer duration so as to simulate athletic events 
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that are performed over a long period of time need to be conducted. 


THE PROBLEM 


The purpose of this study was to investigate the effects of 
dextroamphetamine sulfate on selected physiological, psychological, 
and physical performance parameters of male athletes in the non- 
competitive season. More specifically, the parameters investigated 
were as follows: 

1) Physiological Parameters - heart rate, systolic blood pressure, 
diastolic blood pressure, and oxygen uptake at rest, during exercise 
on the bicycle ergometer, and during recovery from exercise; 

2) Psychological Parameter - subjective ratings by the subjects of 
their perception of exertion during exercise on the bicycle 
ergometer; 

3) Physical Performance Parameter - endurance performance on the 


bicycle ergometer. 


HYPOTHESES 


For the purpose of investigating the parameters as outlined in 
the problem, the following hypotheses were tested at the 0.05 level of 
significance: 

1) No significant change occurs in heart rate at rest one-half hour 
after orally ingesting 0.14 mg. per kilogram of body weight of 
dextroamphetamine sulfate. 

2) No significant change occurs in systolic blood pressure at rest one- 
half hour after orally ingesting 0.14 mg. per kilogram of body 


weight of dextroamphetamine sulfate. 
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6) 
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No significant change occurs in diastolic blood pressure at rest 
one-half hour after orally ingesting 0.14 mg. per kilogram of body 
weight of dextroamphetamine sulfate. 

No significant change occurs in oxygen uptake at rest one-half hour 
after orally ingesting 0.14 mg. per kilogram of body weight of 
dextroamphetamine sulfate. 

No significant change occurs in heart rate during exercise as a 
result of orally ingesting 0.14 mg. per kilogram of body weight of 
dextroamphetamine sulfate. 

No significant change occurs in systolic blood pressure during 
exercise as a result of orally ingesting 0.14 mg. per kilogram of 
body weight of dextroamphetamine sulfate. 

No significant change occurs in diastolic blood pressure during 
exercise as a result of orally ingesting 0.14 mg. per kilogram of 
body weight of dextroamphetamine sulfate. 

No significant change occurs in oxygen uptake during exercise as a 
result of orally ingesting 0.14 mg. per kilogram of body weight of 
dextroamphetamine sulfate. 

No significant change Gcedes in heart rate during recovery from 
exercise as a result of orally ingesting 0.14 mg. per kilogram of 
body weight of dextroamphetamine sulfate. 

No significant change occurs in systolic blood pressure during 
recovery from exercise as a result of orally ingesting 0.14 mg. per 
kilogram of body weight of dextroamphetamine sulfate. 

No significant change occurs in diastolic blood pressure during 
recovery from exercise as a result of orally ingesting 0.14 mg. per 


kilogram of body weight of dextroamphetamine sulfate. 
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12) No significant change occurs in oxygen uptake during recovery from 
exercise as a result of orally ingesting 0.14 mg. per kilogram of 
body weight of dextroamphetamine sulfate. 

13) No significant change occurs in endurance performance on the 
bicycle ergometer as a result of orally ingesting 0.14 mg. per 
kilogram of body weight of dextroamphetamine sulfate. 

14) No significant change occurs in subjective ratings of perceived 
exertion during exercise as a result of orally ingesting 0.14 mg. 


per kilogram of body weight of dextroamphetamine sulfate. 
JUSTIFICATION FOR THE STUDY 


As is evident from the research reviewed in the introduction, » 
no definite effects of amphetamines on physical performance parameters 
and physiological parameters can be stated. To the investigator's 
knowledge, no study has yet investigated the effects of amphetamines 
on one's subjective ratings of perceived exertion. 

As stated in the introduction, dextroamphetamine sulfate has 
the ability to mask the perception of the natural physiological state 
of fatigue (21, 30, 33, 44, 45, 47, 52, 53). The significance of this 
statement may lie in physiological, psychological, and / or physical 
performance considerations - thus the inclusion of specific parameters 
from all three realms. 

An individual may be able to maintain endurance performance for 
a longer period of time even if he is physiologically fatigued - thus, 
the measuring of endurance time. Measurement of the physiological 
parameters - namely, heart rate, blood pressure, and oxygen uptake were 


chosen as these three parameters are felt to be of importance in 
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endurance performance. "There is obviously a fundamental relationship 
between a physiological indicator of physical stress such as heart rate 
and a psychological indicator such as rating of perceived exertion" 
(11:92). "Perceived exertion and work intensity on the bicycle 
ergometer are correlated in a linear fashion" (51:97). Although, under 
normal conditions, the actual physical exertion and an individual's 
perception of the exertion are highly correlated; under the influence 
of ie dios uptfevawine sulfate the individual's perception of the 
exertion may be masked or distorted which may affect physical 
performance and physiological parameters. Thus, the inclusion of the 
rating scale of perceived exertion to investigate the effects of 
dextroamphetamine sulfate on one's subjective ratings of perceived 
exertion. 

It is clear from the literature reviewed that the studies 
have dealt primarily with athletic and physical performances of short 
duration. However, the masking of the sense of fatigue is the prime 
attribute of amphetamines, and therefore, the importance of the 
pharmaceutical action of amphetamines lies in activities of prolonged 
duration. Amphetamines, by masking factors that may limit performance 
(for example, fatigue and boredom).in activities of prolonged duration, 
may help the athlete to attain his optimum performance level. That is, 
because of many influencing factors, athletes may only be performing up 
to their subjective limits, but amphetamines may increase their 
performances to their optimum levels. Also, as the physiological 
requirements vary from one activity to another, (for example, running 
100 yards and running 26 miles) it is not possible to generalize from 


an activity of short duration to an activity of prolonged duration. 
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From the literature reviewed, it is evident that very few 
studies have dealt with dextroamphetamine sulfate. However, this 
particular amphetamine is preferred by athletes as it is twice as 
potent as amphetamine sulfate in central nervous system action (33). 

Achieving individual maximum performance is a combination of 
physical, psychological, and physiological parameters. This study was 
an attempt to interrelate selected physiological, psychological, and 
physical performance parameters that may be of importance to obtaining 
maximum success in athletic performances. 

Therefore, the need definitely exists for research to examine 
the effects of dextroamphetamine sulfate on selected physiological, 
psychological, and physical performance parameters in exercise of a 
relatively long duration, under properly controlled experimental 


conditions and under qualified medical supervision. 
LIMITATION OF THE STUDY 


1) The study was limited by the extent to which the subjects through 
their own volition exercised to fatigue. It was impossible to have 
absolute control over the subjects' motivational levels during the 


testing sessions. 
DELIMITATIONS OF THE STUDY 


1) The study was limited to twelve volunteer male athletes. 

2) The study was limited by the administration of the drug orally in a 
solution of eight ounces of orange juice. 

3) The study was limited by the importance of considering individual 


variation. Therefore, each subject was used as his own control. 
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The study was limited by the investigator's definition of endurance 
performance. 
The study was limited by the physiological, psychological, and 


physical performance parameters as stated in the problem. 
DEFINITION OF TERMS 


Dextroamphetamine Sulfate - a sympathomimetic drug acting as a 
central nervous system stimulant; and is the d-isomer of amphetamine, 
and is manufactured under the trade name of dexedrine. 

Double Blind - means that a placebo is being used and neither the 
subject nor the expertmenter knows whether the subject being tested 
was administered the placebo or the drug during any of the testing 
sessions. This is a necessary condition in human drug research if 
the results are to be attributed to the effects of the drug as a 
pharmacological agent. 

Endurance Performance - "The ability to maintain a high rate of 
physical work output for a relatively long period of time without 
decrement" (41:33). Specifically, for the purpose of this study, 
endurance performance will-be measured by the length of time that a 
subject can maintain a predetermined constant work load at a 
constant pace of 60 revolutions per minute on the bicycle ergometer. 
Kilopond (kp.) - "1 kilopond is the force acting on a mass of l 
kilogram at normal abedleration of gravity” (3:13). 

Kilopond Meters (kpm.) - unit to express the rate of work on the 
bicycle ergometer determined by the braking power (kp.) that is set 
by adjustment of the belt tension multiplied by the distance 


pedalled (m.). 


i iy ¥e ie % : bf , 
6 as getton gua somone ua ns3e 


. 8 8 6 aussi oii’ to 48a nee an ne 


us 


sort ae Xe bol aag ‘gio eee a ane peer anesr, 

. Aare wkd do seogiti bir a ties Tina (bse) "aan 
& jada sat 20 sign wore “d benlenge a4 1g soniarro368 sonmyba, 
) hed ‘bsol tow" at Anee Bonlassdeboxd 8 nbeanten ne. Jasfoue 

Ta emegzs ‘plea aits ao. esunia 18g anak uboyes 08) as 4084 $nedanoe. q 
*. Re Pebm & 90 sea aa4od aid ak Badeqerty J" - ¢ a) booqelta @ 
aan ESS 5) Natvnta, 29 subastetioan Temrort ae mezwgolii - 7 ‘ 


Sore “aida $10 30% 76,9387 ais Buatdxs oF thm: me fey ngs) ateaalt baogolsH e a: - 


: ise ot 163 G. gat)” tsti0q _ gato $tia ie bomberrazae Jorsaagis sloyoid 


aowusanh a42 yd bakiagalum nobens alhed ‘on to dasiieuths ys. y 


(ce aera ay es 2 re (8) battabog ae ae 


* 


6) 


7) 


8) 


9) 


12 


Kilopond Meters/Minute (kpm./min.) - the rate of work in kpm. 
expressed per minute. 

Placebo - a substance composed of pharmacologically inactive 
ingredients used as a control in human drug research. It is used in 
the same form as the drug being tested in the research. Thus, it 
must possess the same physical characteristics as eer deus being 
tested. 

Perceived Exertion - "one's subjective rating of the intensity of 
work being performed" (51:97). 

Sympathomimetic Drug - drug that produces effects similar to those 


of impulses that are transmitted by the postganglionic fibres of the 


sympathetic nervous system (9). 
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CHAPTER II 
REVIEW OF THE LITERATURE 
INTRODUCTION 


The present study was conducted for the purpose of investigating 
the effects of dextroamphetamine sulfate on selected physiological, 
psychological, and physical performance parameters of male athletes in 
the noncompetitive season. More specifically, the parameters 
investigated were as follows: 

1) Physiological Parameters - heart rate, systolic blood pressure, 
diastolic blood pressure, and oxygen uptake at rest, during exercise 
on the bicycle ergometer, and during recovery from exercise; 

2) Psychological Parameter - subjective ratings by the subjects of their 
perception of exertion during exercise on the bicycle ergometer; 

3) Physical Performance Parameter - endurance performance on the 
bicycle ergometer. 

With attention to the aforementioned, the literature reviewed 
will encompass specifically the following: 

1) The Effects of Amphetamines on Human Physical Performances - This 
includes actual physical hereocmancds™ for example, swimming or 
running, or physical performances that have been simulated in the 
laboratory through testing on the bicycle ergometer or the treadmill. 

2) The Effects of Amphetamines on Physiological Parameters - This 
includes heart rate, systolic blood pressure, diastolic blood 
pressure, and oxygen uptake in humans at rest, during physical 


performances, and during recovery from physical performances. 
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3) Ratings of Perceived Exertion During Physical Performances - This 

includes the subjective ratings by the subjects of their perception 

’ of exertion during exercise on the bicycle ergometer or the 
treadmill using the rating scale of perceived exertion developed by 
GAs Vien BOX (11). 
THE EFFECTS OF AMPHETAMINES ON 
HUMAN PHYSICAL PERFORMANCES 
The most extensive investigation that has been conducted in 

this area was reported by Smith and Beecher (66). The effects of 
amphetamine sulfate on the athletic performances of 57 male trained 
athletes were studied. Six separate experiments comprised 800 measured 
performances of the athletes - 18 swimmers, 26 runners, and 13 weight- 
throwers and shot-putters. All subjects received orally, in capsule 
form, on several separate occasions, either 14 mg. of amphetamine 
sulfate per 70 kg. of body weight, or a placebo, two or three hours 
prior to performing their event. All capsules were administered double 
blind. The percent of athletes whose performances significantly 
improved under the influence of amphetamine sulfate was as follows: 
swimmers - 69% (p< 0.05), runners - 73% (p< 0.02), and weight-throwers 
and shot-putters - 85% (p< 0.01). The amount of improvement from 
amphetamine sulfate by the three groups of athletes was: swimmers - 
0.59 to 1.16%, runners - 1.5%, and weight-throwers and shot-putters - 
3 to 4%. Amphetamine sulfate in the dose of 14 mg. per 70 kg. of body 


weight, taken two or three hours prior to swimming, running, and weight- 
throwing and shot-putting, significantly improved the performances of 


75% of the highly trained athletes studied (p< 0.0002). 
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Karpovich (40) studied the effects of amphetamine sulfate, 
given orally, in capsule form, in doses of 10 mg. one hour prior to 
being tested, or 20 mg. thirty minutes prior to being tested, on the 
physical performances of 54 male college athletes. A total of 532 
performances of 18 swimmers, 11 track men, and 25 treadmill runners 
were measured by running and swimming events as well as running to 
exhaustion on the treadmill. Amphetamine sulfate, in doses of 10 or 20 
mg. given one hour or thirty minutes respectively prior to being tested, 
had no significant effects on physical performances as measured by 
times in treadmill running to exhaustion, swimming, and track running. 
A total of 50 subjects showed no changes in performances after 
ingesting amphetamine sulfate as compared to placebo results. 
Improvements in swimming were noted in three subjects, and one tread- 
mill runner showed a decrement in performance after being administered 
amphetamine sulfate as compared to the placebo. 

Haldi and Wynn (36), using 12 male subjects, studied the 
effects of five milligrams of benzedrine sulfate, given ninety minutes 
prior to being tested, on swimming performances. The drug was 
administered orally in capsule form. Benzedrine sulfate had no effects 
on the swimming times of the subjects studied. Smith, Weitzner, and 
Beecher (67) studied the effects of amphetamine sulfate on the swimming 
performances of 15 non-expert swimmers. Amphetamine sulfate in the dose 
of 14 mg. per 70 kg. of body weight was given orally two and one-half 
hours prior to swimming. Subjects swam twice on each day either alone 
or in groups of three. The only significant improvement after taking 
amphetamine sulfate occurred during the first trials when the subjects 


swam in groups (p< 0.05). 
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Knoefel (42) studied the effects of 10 or 20 mg. of amphetamine 
sulfate and methamphetamine on seven subjects on work output on the 
bicycle ergometer. The drugs were given two hours prior to being tested. 
Progressively increased work loads were used until the subjects reached 
a self-imposed maximum. Work output on the bicycle ergometer was 
increased after the subjects tested ingested 10 mg. of methamphetamine. 
In a study reported by Cuthbertson and Knox (20), six male military 
subjects cycled on the bicycle ergometer at a constant work load until 
exhaustion. Either 10 mg. of methedrine or 15 mg. of benzedrine was 
given when deterioration in performance was imminent or evident. Oral 
administration of the drugs increased the work outputs of the subjects 
on the bicycle ergometer. If deterioration had set in, work output rose 
within one-half to one and one-half hours after administration of the 
drugs and was maintained for about one hour. With placebo tablets, the 
work output, gradually decreased. Hueting and Poulus (38) reported on the 
effects of 10, 20, or 30 mg. of methyl-amphetamine on exhaustive 
bicycle ergometer performances of six trained male subjects. Intra- 
muscular injections of the drug were given double blind, one-half hour 
prior to being tested. Progressively increased work loads of 10 watts 
per minute were used for the exhaustive ride on the bicycle ergometer. 
There were no significant differences on bicycle ergometer performances 
after subjects were administered either placebo or methyl-amphetamine. 

In a study reported by Foltz, Ivy, and Barborka (26), 10 to 15 
mg. of amphetamine sulfate were administered intravenously to four 
subjects, thirty seconds to thirty minutes prior to performing rapidly 
exhausting work on the bicycle ergometer. The subjects used were 


previously trained on the bicycle ergometer from three to sixteen 
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months. A dose of 10 to 15 mg. of amphetamine sulfate injected intra- 
venously did not increase the work output of the subjects tested. Borg 
et al. (16) studied the effects of oral administration of 10 mg. of 
amphetamine sulfate, thirty minutes prior to physical performances of 
10 male subjects on the bicycle ergometer. The test consisted of a 
series of 10 working periods of maximal performances on the bicycle 
ergometer. Each working period lasted approximately forty-five seconds 
with fifteen seconds rest in between each working period. Amphetamine 
sulfate improved the final performances of the 10 subjects in the test 
used but not the initial ones compared to the performances of the 14 
subjects who had been administered placebos. 

Using only two competitive track cyclists, Wyndham et al. (74) 
studied the effects of oral administration of 10 mg. of methamphetamine 
solution on submaximal and maximal performances on the bicycle 
ergometer. Longer cycling times at maximal effort were reported after 
taking methamphetamine as compared to placebo. Cycling at 90% of his 
maximum oxygen consumption to exhaustion, one subject increased his 
cycling time 61% after taking methamphetamine as compared to placebo; 
and one subject increased fisiethos eat time by 29% after taking meth- 
amphetamine as compared to placebo cycling at 90% of his maximum oxygen 
consumption to exhaustion. However, as only two subjects were used, 
this study can hardly be considered as anything more than two case 
studies; and the results have to be interpreted, if at all, with 
caution. In a study reported by Bart&k and &kranc (6) eight male 
subjects cycled at three submaximal work loads for six minutes each, 
and at maximal work loads for at least two minutes until exhaustion, 


one hour after orally ingesting 0.02 g. of benzedrine. The dose of 


~autnd basoatal iting: arta to 30) BL 


ae 


g7e@ .bo tad wivatdue: stly- Ro sagpiv, gow ath: 4 


to .oe OL % £0 beszabanat Herta to azosi lake B 
- ; .s 
a y 
fo esonampoimey Leal oaq od yobs sig Noth ys 


i 
a. <<, 


s to betabeton teed eof -rasamoge’ sloyatd il: ‘ 
alocotd old fa esa this Baq fsmiyem, to wbahag eribivor, of 
abaoree evii-yiiwt yisteminetgqe bodast bobxeq satan 
eats! pagan. - stueg arkdwow igen uauioes at deat ge he 


ea sia al oscilla Oi sd to seonigmvod'ron, leit adap b 


oy ~ 


2nife Pes akg OF yan Be wk Ol. Fo. Ret Rakyat se fibibe, Leis is asdgite ia 


ey, abeqatd ont 10. asapqaratts: Frumeate be puede 


iis 


‘taste ha3rnqes asey #70359) Tagen: 18 zonk ark ‘ean r ] 


abd bo KOR 26 ant io’ -odbastg ‘Os: banmaghin Be” sate pei: 


whit begnenrds “Gas bitte Bio ack susie! ag aphqmueann. | don 2 
i BS - ; ; 
tavsoalg a3" bavregm> ak satan 3 Sdn ton Sibaga: 3974s 1a saat 


soe geides qwIts Res vd) smtg anittsia ais bees anni soatide bao 


i " 


tal 


: MBUNG. “omega pid 30 ne $e an Lo7a.0 doositg o7 Bs'cdamo9 ae Sie 


% ghee en état dic owt &ine es tsyvswott vasi tevadeg’ 3.0 

7 98a ows Pe Sau eiesiiia uk bazablenos 34 vibred. aes ses shi -* | . 
: : bs <fis ge 3  beadrqrsd ik a5 of S¥si Bo ewe, ont a eshte iz 
slam sibs 4a omateite ‘bisa’ Terres. vas bk 24 teat Sal at 0 30189 y 

; tte ee Sapte har. tia mie ebeol aso Tenrtxe omduve ais #4 Ba tay. eiabrdwe 
juntrqenine, Lehase edSuelit owt san: ot te 403 abeol’ rdw. tue Site 
Pt pant ae ree ba $056 Aolaaegat cktedy yekan auras 


{ \ - an: ia i “ert : >" 


18 


benzedrine given had no effects on the physical performances of. the 
subjects tested. 

Golding and Barnard (31) investigated the effects of 15 mg. of 
d-amphetamine sulfate on all-out treadmill running times of 10 
unconditioned male university students and 10 conditioned male track 
athletes. The drug used was administered orally in ee form two to 
three hours prior to being tested. The treadmill was set at 10 miles 
per hour at a grade of 8.5%. D-amphetamine sulfate, in the dose used, 
had no significant effects on all-out treadmill running times of the 
subjects tested. Margaria, Aghemo, and Rovelli (49), using three male 
subjects, studied the effects of 10 mg. of methedrine on performance 
times on the treadmill at a speed of 12 and 13 km./hr. with an incline 
of five percent until exhaustion. Each subject was tested five times 
with the drug. The drug was given orally in capsule form ninety minutes 
prior to being tested. Methedrine had no significant effects on the 
performance times of the subjects tested. 

In a study reported by Somerville (69), five groups of 50 
soldiers each were tested on performance times on obstacle courses after 
taking part in physically Papi enine exercises of 17 or 56 hours 
duration. A dose of 15 mg. of benzedrine, given to 50 soldiers, one 
hour prior to the end of the 17 hours of physically fatiguing exercises, 
did not improve the performance times on a 227 yards long obstacle 
course with six obstacles compared with the 50 soldiers given placebos. 
Doses of 30 or 35 mg. of benzedrine given in divided doses over twenty- 
four hours to two groups of 50 soldiers each, taking part in physically 
fatiguing exercises lasting 56 hours, produced no significant 


differences in performance times on a 500 yards long obstacle course 
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with nine obstacles as compared to the 50 soldiers who had been given 
placebos. Cuthbertson and Knox (20) reported a study using 55 military 
men that were kept without sleep for twenty-four hours; and then they 
had to walk 18 miles in three groups. Half of the subjects were given 
15 mg. of methedrine and half of the subjects were given placebos 
immediately prior to beginning the walk. Methedrine had no effect on 
the total time taken to cover the 18 mile course as compared to placebo. 

Foltz, Schiffrin, and Ivy (27) studied the effects of 10 mg. of 
amphetamine sulfate on 23 male untrained subjects on work output during 
a bench stepping test. The drug was given orally one hour prior to being 
tested. Each subject had a knapsack on his back loaded with a weight 
equal to one-third of his own weight. Amphetamine sulfate had no 
significant effect on the work output of the subjects tested. 

THE EFFECTS OF AMPHETAMINES ON 
PHYSIOLOGICAL PARAMETERS 

Altschule and Tedaner (1) studied the effects of oral doses of 
10 or 30 mg. of benzedrine and intramuscular injection of 10 mg. of 
benzedrine on resting heart rate, systolic blood pressure, and diastolic 
blood pressure of 15 male and female subjects. Measurements were done 
in five minute intervals sencarteets after the administration of the 
drugs with the subjects in a semi-recumbent: position. An oral dose of 
10 mg. of benzedrine had no effects on systolic blood pressure or 
diastolic blood pressure. However, 10 mg. given intramuscularly and 
oral doses greater than 10 mg. caused definite increases in systolic 
and diastolic blood pressures. In all cases, systolic blood pressure 


increased more than diastolic blood pressure. Oral and intramuscular 
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doses of benzedrine produced no changes in the heart rates of nine 
subjects, increases in heart rates from four to eighteen beats per 
minute in four subjects, a decrease of eight beats per minute in one 
subject, and a decrease of five beats per minute in one puibseces Where 
changes occurred in heart rates, no relationship existed between the 
dose of the drug given and the resulting change in heart rate. 

Graybiel et al. (35) studied the effects of intramuscular 
administration of 20 mg. of benzedrine on eight male subjects on heart 
rate, systolic blood pressure, and diastolic blood preagite: Heart 
rates and blood pressure measurements were taken during three 
preliminary periods of eight minutes each prior to drug administration, 
and five succeeding periods of eight minutes each after being 
administered the drug. Heart rate was slightly higher after benzedrine 
as compared to placebo results. Systolic blood pressure was increased, 
and the increased level was sustained; while diastolic blood pressure 
increased only slightly after administration of the drug as compared to 
placebo. 

Finkelstein, Alpern, and Gantt (25) studied the effects of oral 
administration of 10 to 15 mg. and 20 to 30 mg. of amphetamine sulfate 
on resting heart rate, systolic blood pressure, and diastolic blood 
pressure of 19 male and female students. The drug was administered 
fifteen minutes prior to the measurements being taken. Amphetamine 
sulfate in the oral doses of 10 to 15 mg. and 20 to 30 mg. significantly 
increased both diastolic and systolic blood pressures (p< 0.05) of the 
subjects tested, but had no effect on heart rate as compared to the 
results of the 19 subjects given placebos and the 17 subjects acting as 


controls. Systolic blood pressure increased eight millimeters and 
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and sixteen millimeters respectively for the two doses, 10 to 15 mg. 
and 20 to 30 mg.; while diastolic blood pressure increased six milli- 
meters and twelve millimeters respectively for the two doses of 10 to 
15 mg. and 20 to 30 mg.. Goldstein, Searle, and Schimke (32) reported 
that 10 mg. of d-amphetamine sulfate administered orally to 19 subjects 
one hour prior to measurements being taken had no significant effects 
on resting heart rate, or systolic or diastolic blood pressures of the 
19 subjects tested compared to the results of the 19 subjects given 
placebos. 

Snyder, Faillace, and Weingartner (68) studied the effects of 
oral administration of 1.5 mg. of 2,5-dimethoxy-4-ethyl amphetamine 
(DOET) and 10 mg. of dexedrine on 10 male university students. Heart - 
rate and systolic and diastolic blood pressures were measured up to 
six hours after receiving the drugs. Neither DOET nor dexedrine had 
any significant effects on any of the parameters measured. Martin 
et al. (50) studied the effects of subcutaneous administration of 7.5, 
15, and 30 mg. per 70 kg. of body weight of d-amphetamine sulfate, 
and 15 and 30 mg. per 70 kg. of body weight of d-methamphetamine 
sulfate, on resting heart rate and mean blood pressure of 12 male 
subjects. Measurements were taken one-half hour, one hour, two hours, 
three hours, four hours, five hours, and twelve hours after drug 
administration. All doses of both drugs produced a dose related 
increase in mean blood pressure. All doses of both drugs produced 
tachycardia. However, for the two drugs tested, there was an over-all 
negative correlation between heart rate and mean blood pressure 
(p< 0.01). The 7.5 and 15 mg. per 70 kg. of body weight doses caused a 


moderate increase in mean blood pressure, and a tachycardia during the 
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first five hours after drug administration. In contrast, the 30 mg. per 
70 kg. of body weight dose caused a greater increase in mean blood 
pressure, and when the mean blood pressure was maximally elevated, the 
mean heart rate was not significantly different from the placebo value. 
However, five hours after administration of the 30 mg. per 70 kg. of 
body weight dose, mean blood pressure was decreasing, and a marked 
tachycardia was reported. 

Segers, s'Jongers, and Lewillie (62) reported that three hours 
after administering 25 mg. of dexedrine to five male subjects, there 
was an increase in heart rate at rest and during exercise at 600 kpm./ 
min. for thirty minutes followed by exercise at 1200 kpm./min. for five 
minutes. Oxygen consumption at rest and during exercise at 600 kpm./. 
min. increased after ingesting the dexedrine, but the drug had no effect 
on oxygen consumption during recovery from exercise. Systolic blood 
pressure also increased during exercise following administration of the 
drug. Dexedrine produced no changes on systolic blood pressure at rest 
and during recovery from exercise; or diastolic blood pressure at rest, 
during exercise, or during recovery from exercise. After ingesting 
dexedrine, heart rate was increased 40% compared to resting values after 
five minutes of recovery from exercise. After ingesting placebo, heart 
rate after five minutes of recovery was accelerated only 17% compared 
to resting values. All subjects were tested at least twice after being 
administered dexedrine. 

Higher heart rates during exhaustive bicycle ergometer 
performances, and during recovery from exercise of six trained male 
subjects following intramuscular injections of 10, 20, or) 30mg. of 


methyl-amphetamine, thirty minutes prior to being tested were reported 
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by Hueting and Poulus (38). Progressively increased work loads of 10 
watts per eae were used for the exhaustive ride on the bicycle 
ergometer. Bartak and Skranc (6) reported no differences in heart rate 
or oxygen consumption at rest or during submaximal or maximal exercise 
on the bicycle ergometer of eight male subjects after orally ingesting 
0.02 g. of benzedrine one hour prior to being tested as compared to 
control and placebo results. However, heart rate at the second minute 
of recovery was significantly greater (p< 0.05) after being 
administered benzedrine as compared to control and placebo results. 
Oxygen consumption during the third and fifth minutes of recovery was 
significantly greater (p< 0.05) after being administered benzedrine as 
compared to control and placebo results. 

Wyndham et al. (74) reported that 10 mg. of methamphetamine 
solution orally administered immediately prior to being tested had no 
effects on submaximal or maximal oxygen consumption or heart rate of 
two competitive track cyclists on performances on the bicycle ergometer. 
Margaria, Aghemo, and Rovelli cited a study by Lehmann, Straub, and 
Szakall (48) that concluded that amphetamine sulfate had no effects on 
oxygen consumption or heart rate of three subjects exercised to 
exhaustion on the cycloergometer. . 

Margaria, Aghemo, and Rovelli (49) reported that 10 mg. of 
methedrine orally administered, in capsule form, ninety minutes prior 
to maximal performances on the treadmill of three male subjects, had no 
significant effects on maximum oxygen consumption or maximal heart rate 
attained during exercise. Each subject was tested five times with the 
drug and five times with the placebo. 


Pirnay et al. (56) reported no significant effects of 25 mg. of 
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dexedrine on oxygen gonaunp eter and heart rate during steady state 
exercise and exhaustive exercise on the treadmill of six trained male 
athletes. The drug was administered orally in capsule form, one-half 
and three hours prior to being tested. The test consisted of walking on 
the treadmill at a 10% incline at a work load for seven minutes 
duration with the speed progressively increased by one km./hr. every 
seven minutes until maximal steady state was attained; followed by a 
run at a work load for two minutes duration progressively increased in 
speed by two km./hr. every two minutes until exhaustion. 

Golding and Barnard (31) reported a significant increase in 
resting heart rate (p< 0.01) and systolic blood pressure (p< 0.001) of 
10 conditioned track athletes, two to three hours after oral 
administration of 15 mg. of d-amphetamine sulfate. The drug 
significantly retarded systolic blood pressure recovery (p< 0.01) 
following the first all-out treadmill runs by the 10 athletes tested, 
but had no effect on recovery heart rate. During recovery from the 
second all-out run (done 12 minutes after completing the first run) 
heart rate and systolic blood pressure recovery rates were significantly 
retarded (p< 0.01 and p< 0.05 respectively). 

In a study reported by Cuthbertson and Knox (20) three subjects 
climbed five times up and down two steps each 10 inches high while 
stepping in time to a metronome beating 96 beats per minute. The test 
was done in intervals of one-half hour and after the first three tests, 
the subjects received bcaiiy 10 mg. of methedrine. The drug used had no 
significant effect on heart rate response to the test used. Cuthbertson 
and Knox (20) reported that the gradual fall in resting heart rate of 


eight male military subjects was arrested 45 minutes after oral 
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administration of 10 mg. of methedrine. A more sustained rise in 
resting heart rate was reported after 20 mg. of methedrine. A dose of 
10 mg. of methedrine caused a rise of 10 to 20 millimeters in systolic 
blood pressure, and diastolic blood pressure varied similarly. A dose 
of 20 mg. of methedrine caused a definite rise in systolic blood 
pressure of six subjects, a slight rise in one subject, and a fall of 
20 millimeters in one subject. Diastolic blood pressure fluctuated in 
parallel with systolic blood pressure. 

Seashore and Ivy (61) reported a significant increase in heart 
rate, systolic blood pressure, and diastolic blood pressure (0.01l< p< 
0.05) of 16 soldiers after being given orally two doses of benzedrine. 
The subjects received 10 mg. of benzedrine nine to ten and one-half 
hours and three to four hours prior to the measurements being taken. 
The soldiers had been engaged in prolonged physical activity - all day 
marches and.all night guard. Seashore and Ivy (61) reported no change 
in heart rate and systolic and diastolic blood pressures were 
significantly increased in 18 soldiers (p< 0.01 and p<0.05 
respectively) after orally being administered, in capsule form, one or 
two doses of benzedrine. All subjects received 10 mg. of benzedrine 
nine and one-half hours prior to the physiological measurements being 
taken, and some subjects received another 10 mg. of benzedrine four to 
five hours prior to the measurements being taken. The soldiers had been 
engaged in prolonged physical activity of 15 to 16 hours duration of 


marching and guard duty or continuous marching. 
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SUMMARY OF THE EFFECTS OF AMPHETAMINES ON 
HUMAN PHYSICAL PERFORMANCES AND 
ON PHYSIOLOGICAL PARAMETERS 

Contrast and inconsistency of results are evident from the 
studies reported in the preceding two sections of the review of the 
literature. The results are influenced by the number of aaa used, 
the type of subject used, the type of amphetamine used, the doses of 
the amphetamines used, the method of administration of the amphetamines, 
the time allowed for absorption of the amphetamines prior to measuring 
the parameters tested, and the actual physical performances and 
physiological parameters tested. With consideration given to these 
factors, little validity gene in comparing the studies presented. 
However, a few comments will be reported on the studies reviewed. 

Of the sixteen studies reported in the section on Amphetamines 
and Human Physical Performances, six of the studies (6, 20, 26, 38, 42, 
74) used less than 10 subjects. Interpreting any results from these 
studies using that few a number of subjects has to be done with caution. 
Of the other ten studies reported, seven studies (20, 27, 31, 36, 40, 
49, 69) reported no changes in the physical performances measured after 
being administered the doses of the amphetamines used as compared to 
the placebos used. The other three studies (16, 66, 67) reported 
improvements in the physical performances measured with the doses of 
the amphetamines used as compared to the placebos administered. 

Of the eighteen studies reported in the section on Amphetamines 
and Physiological Parameters, eight of the studies (6; 207, 20,35, 338; 
48, 56, 74) used less than 10 subjects. Interpreting any results from 


these studies using that few a number of subjects has to be done with 
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attention to the number of subjects tested. Of the other ten studies, 
(i 25, sly 32, 49, 50, 61, 61, 62, 68) the results for the parameters 
tested are as reported in the next few paragraphs. 

For resting heart rate, four studies (1, 25, 32, 68) reported 
no change with the drugs used as compared to the placebos used; and 
three studies (31, 50, 62) reported an increase in heart rate as a 
result of the drugs used. The amphetamines administered produced an 
increase in systolic blood pressure at rest as reported by three 
studies (1, 25, 31) and had no effect on systolic blood pressure at 
rest as reported by three studies (32, 62, 68). Amphetamines had no 
effect on disatolic blood pressure ae rest as reported by three 
studies (32, 62, 68) and produced an increase in diastolic blood 
pressure at rest as reported by two studies (1, 25). Mean blood 
pressure was increased after administration of the amphetamine used as 
reported in'one study (50). One study (62) reported an increase in 
oxygen consumption at rest after administration of the amphetamine used. 

Two studies (61, 62) reported increased heart rate during 
exercise following drug administration, and two studies (49, 61) 
reported no change in heart feces An increase in systolic blood 
pressure during exercise was reported by three studies (61, 61, 62) 
following administration of the amphetamines used. An increase in 
diastolic blood pressure during exercise was reported by two studies 
(61, 61) following drug administration, and one study (62) reported no 
change in diastolic blood pressure during exercise following drug 
administration as compared to the placebo. For oxygen consumption 
during exercise, one study (49) reported no change with the amphetamine 


used as compared to the placebo result, and one study (62) reported an 
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increase in oxygen consumption during exercise following administration 
of the drug tested. | 

Heart rate during recovery from exercise was retarded a the 
amphetamines used as reported by two studies (31, 62) and one study (31) 
reported no change in recovery heart rate following drug administration. 
Systolic blood pressure during recovery from exercise was retarded 
following administration of the amphetamine used as reported by one 
study, (31) while one study (62) reported no change in systolic blood 
pressure during recovery from exercise following administration of the 
amphetamine used. One study (62) reported no change in diastolic blood 
pressure during recovery from exercise following drug administration; 
and one study (62) .reported no change in oxygen consumption during 
recovery from exercise following administration of the amphetamine used 
as compared to the placebo result. 

RATINGS OF PERCEIVED EXERTION DURING 
PHYSICAL PERFORMANCES 

In the final analysis, human physical performance is dependent 
upon physical, physiological, and psychological determinants. 
Psychological determinants play an important role in the final outcome 
of performance. An individual's perception of his performance influences 
his reactions that determine the end result of his performance. Thus, 
an individual's performance depends on how he perceives what he is 
doing and not necessarily what he is actually doing. It then becomes 
essential to determine the relationship between the subjective and 
objective determinants of physical performance. G. A. V. Borg originated 


the concept of perceived exertion to study the psychological effort 


“\) HPs © de We bei PAI ry Ma ot A“ 


O68 hr he A ea ey ea es 


i 
a \ 


4 


: aptiwzietetebs abso hi en 


7m i ie rar a) 


(1) vbute ano Sas Ge “O58 


| ‘aiid bebe +8 ne sek ott ie: oe oa 
sit, to fokdax jpibiae attwoul 2 helarsh wor 
" aid stivdes iB nt ‘egaetd! rao ay a 


| sak tingget Hatehy: usb quislotsen pation 0 


at 
1) 4 


“ginteub nota iqmie a69 mogigne 8 sarily “apr ae 


we 


? es 
; sa = 


aie atiken ted vais ‘aes to. siseippieent ie 


shohasaa ce onaaaoeg lioaieedta canoe “eeuiabe ‘ait? ¢ sad 
-esivictehfedss Tooknsteitgig bt). Leokwitaneeta tao 


Lane 


andaisd. Sanh 3a nk stot \ sie 2 rate aa yslq admeilarn gah 


eosaaul tak 3 ised so aki. ae antaganssd, a! bgubivibnt nA a 


: vgaeat _seotemro tag eit” a0. oipiks ‘Kis ‘aif shimiadsh apes" “enh dosas aid yin 
- oH ua ah 


a Aa Sy teuw equioiteg ot wet nics ebneqsb sonanto tray Pa ‘taubevkbad i a 
“asineoed wor oa anieb, giiaedon ek et ‘gerky viisiassoen gon bas gabe” aw . 


bo ove taps slg “necidhs didttendt¥a fox ould editions oa tatsbaens 


boitanita 40 sa i Mk 2 -SSnpaottzod Ipskeria tp sang ntarsateb avtypatdo ; rh 


i Y lg a ates  iposporodoyan ceuia, xbote sol pobis9ks bevtaouag, “ao symone edd 


i ) F) 
i = hs ee | ~ ¥ eit 
a x ; y = ’)) ae 
5 + ® Ww 
~“< ' . ' 3 
p diy - rr) ' Ps 7 <P ’ 


WEAN cares oe 


29 


involved in physical performance. The Borg Scale for Ratings of 
Perceived Exertion (11) is an attempt to quantify man's subjective 
perception of his physical performance in a psychophysical context. 

Borg (11) reported a correlation coefficient of 0.62 between 
heart rates and ratings of perceived exertion of 69 male military 
censcripts from work on the bicycle ergometer at a constant work load 
of 1400 kpm./min.. Ratings of perceived exertion and heart rates were 
obtained every two minutes until a self-imposed maximum was reached. 
Borg (11) also reported a correlation coefficient of 0.72 between heart 
rates and ratings of perceived exertion of 43 male military conscripts 
using a progressive work test on the bicycle ergometer. The work load 
was started at 600 kpm./min. and was increased by 300 kpm./min. every- 
sixth minute until exhaustion. Ratings of perceived exertion and heart 
rates were obtained every six minutes until exhaustion. Borg (10) 
reported a correlation coefficient of 0.85 between heart rates and 
ratings of perceived exertion of 73 male subjects who performed a 
physical work test on the bicycle ergometer. The work load was started 
at 300 kpm./min. and was increased by 300 kpm./min. every six minutes 
until a self-imposed maximum was reached. Heart rates and ratings of 
perceived exertion were recorded at the sixth minute of each work load. 
The scale used for the ratings of perceived exertion was the original 
21-point scale that was developed by Borg. 

Using 16 male university students, Skinner et al. (65) tested 
the validity and reliability of Borg's Scale for Ratings of Perceived 
Exertion. Subjects were tested with a progressively increased work load 
test and a test using a random order of various work loads on the 


bicycle ergometer. The progressive test began at 150 kpm./min. and was 
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increased every two minutes by 150 kpm./min. until a self-imposed 
maximum was reached. With the random test, every subject exercised for 
two minutes at 150 kpm./min. and then the work load was increased to 
aout 300, 450, 600, 750, or 900 kpm./min. for four minutes. After a 
rest of eight minutes, the same procedure was followed until all five 
work loads were done. With both tests, heart rates and ratings of 
perceived exertion were recorded twenty seconds prior to completing 
each work load. Reliability was determined by testing each subject 
twice with each protocol. There were no significant differences in 
heart rates and ratings of perceived exertion between the random work 
load and the progressive work load bicycle ergometer tests. Correlation 
coefficients of 0.90 for heart rates and 0.79 for ratings of perceived 
exertion were reported between the progressive and random tests. 
Reliability coefficients of 0.87 and 0.91 for heart rates for the 
progressive and random tests respectively, and 0.80 and 0.78 for 
ratings of perceived exertion for the progressive and random tests 
respectively were reported. 

In a study cited by Borg (14), Noble, Sherman, and Borg ustedes 
19 male university students reported the first cross-validation of the 
Borg Scale outside of Sweden. Subjects performed a modified Sjostrand 
bicycle ergometer test with four minutes duration for each progressively 
increased work load. Subjects also did the Balke treadmill test at a 
constant speed of 3.4 miles per hour with a grade increased by one 
percent after each minute of exercise, except for the first minute when 
the increase was from zero to two percent. Heart rates and ratings of 
perceived exertion were recorded at each work load for both tests. 


Correlation coefficients of 0.94 and 0.85 between heart rates and 
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ratings of perceived exertion on the bicycle ergometer and treadmill 
respectively were reported. No significant differences in the 
correlation coefficients between heart rates and ratings of perceived 
exertion for the bicycle ergometer and treadmill tests were reported 
which suggests that the relationship between heart rates and ratings of 
perceived exertion may be independent of the type of hee being done. 

Borg and Linderholm (15) studied the relationship between heart 
rates and ratings of perceived exertion of 277 subjects ranging in age 
from 18 to 79 years using a progressive work load test on the bicycle 
ergometer. The work load was started at 300 kpm./min. and was increased 
every sixth minute until exhaustion was reached. Heart rates and 
ratings of perceived exertion increased linearly with increasing work 
loads for all age groups. Exercise at a given work load was perceived 
to be heavier by the older subjects than the younger subjects. 
Frankenhaeuser et al. (28) studied the relationship between heart rates 
and ratings of perceived exertion of 10 male university students using 
three different work loads (150, 450, or 750 kpm./min.) on the bicycle 
ergometer. For each session, subjects cycled at one work load for five 
successive six minute periods aaa a six minute rest in between work 
periods. Heart rates were taken at the sixth minute of each of the five 
work periods, and ratings of perceived exertion (using the 2l-point 
scale) were taken once. at each work session..Heart rates and ratings of 
perceived exertion increased linearly with increasing work loads. 
Ratings of perceived exertion and heart rates significantly increased 
with each increase in work load (p< 0.001). 

Skinner, Borg, and Buskirk (64) studied the relationship 


between heart rates and ratings of perceived exertion of 26 male 
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university students differing in activity level and body size on the 
bicycle ergometer. Each subject initially worked at 75 kpm./min. for 
four minutes and then the work load was increased to 300 kpm./min. for 
four minutes. Increments of 300 kpm./min. were added every four minutes 
‘until a self-imposed maximum was pebiie dé Heart rates and ratings of 
perceived exertion were recorded every four minutes. Results showed a 
linear relationship between heart rates and ratings of perceived | 
exertion and increasing work loads. A correlation coefficient of 0.90 
between heart rates and ratings of perceived exertion were reported. 
Pandolf et al. (54) studied the relationship between heart rates and 
ratings of perceived exertion of 10 male university students. Subjects 
exercised on the bicycle ergometer at 40% of their maximum oxygen 
consumption. Heart rates were recorded after the first and fifth minute 
of exercise and every five minutes after that until the end of exercise. 
Ratings of peneeiaed exertion were recorded after the first minute of 
exercise and every two and one-half minutes after that until the end of 
exercise. Ratings of perceived exertion and heart rates displayed a 
linear relationship. 

Bar-or et al. (5), using 70 male subjects aged 41 to 60 years, 
investigated the degree of iinenyiee of the relationship between heart 
rates and ratings of perceived exertion on a bicycle ergometer and a 
treadmill. Each subject completed a graded test on the bicycle ergometer 
and the treadmill up to a heart rate of 150 beats per minute. On the 
bicycle ergometer, the work load was started at 300 kpm./min. and was 
increased every two minutes until either a heart rate of 150 was 
reached or the exertion was rated as very hard. Work on the treadmill 


was started at 4.8 km./hr. at a zero percent grade with an increase in 
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grade every two minutes of 2.5% until either a heart rate of 150 was 
reached or the exertion was rated as very hard. Heart rates and ratings 
oh perceived exertion were obtained in the last twenty seconds at each 
work load. Ratings of perceived exertion increased linearly with heart 
rates with increasing work loads on the bicycle ergometer and the 
treadmill. Correlation coefficients between heart rates and ratings of 
perceived exertion for the bicycle ergometer and the treadmill were 
0.77 and 0.80 respectively. 
SUMMARY OF THE RATINGS OF PERCEIVED EXERTION 
DURING PHYSICAL PERFORMANCES 

There is a linear relationship between heart rate during 
exercise - a physiological indicator of physical stress, and rating of 
perceived exertion during exercise - a psychological indicator of 
physical stress (5, 10, 11, 14, 15, 28, 54, 64, 65). In normal subjects, 
correlation coefficients from 0.62 to 0.94 have been reported between 
heart rates during exercise and ratings of perceived exertion during 
exercise. Therefore, the subjective rating of the intensity of physical 
exertion, as perceived by the exercising individual, is a valid and 


reliable indicator of the physiological strain of physical stress. 
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CHAPTER III 
METHODS AND PROCEDURES 
SUBJECTS AND MATERIAL 


A sample of twelve male athletes participated in the study. The 
subjects were all volunteers ranging in age from 18 to 33 years. A 
medical examination was completed on anil subjects prior to beginning 
any of the testing sessions. Also, all subjects signed an informed 
consent form prior to participating in the study (Appendix D). 

The drug used in this study was dextroamphetamine sulfate 
(dexedrine). Each subject received 0.14 mg. per kilogram of body weight 
of dexedrine (Appendix J) orally in a solution of eight ounces of 


orange juice. 
PRELIMINARY TESTING SESSION 


All subjects completed a preliminary test to determine maximum 
heart rate and corresponding work load on the bicycle ergometer. The 
test used was a progressively increased work load test. Before 
reporting for the test, all subjects were instructed not to ingest any 
food two hours prior to being tested, and not to engage in any strenuous 
activity the day of the test, as these two factors may affect the test 
results. 

Prior to performing the test, all subjects read typed 
instructions for the testing session (Appendix E). The seat height on 
the bicycle ergometer was adjusted to individual preference. The 


individual seat heights selected by the subjects were constant for all 
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of the testing sessions. All subjects cycled at 60 revolutions per 
minute at an initial work load of one kilopond for four minutes. The 
work load was progressively increased every four minutes until the 
subject could not complete the four minute ride. At this time the 
subject's maximum heart rate for a corresponding work load was recorded. 
Heart rate and work load were recorded between three and one-half and 
four minutes of every work load during the test. A work load 
corresponding to 90% of each subject's maximum heart rate attained on 
the progressive work load test was determined. This work load was used 


for the next three testing sessions. 
PROTOCOL FOR THE THREE TESTING SESSIONS 


Each subject during the three testing sessions completed the 
test protocol once without taking either dexedrine or the placebo, once 
after taking dexedrine, and once after taking the placebo. The order in 
which the subjects received the three treatments was determined by a 
Latin square design. Both the placebo and the drug were administered 
double blind. There were two to three days between each subject's 
testing time and day. Each siuyeee appeared at the same time of day for 
each of the three testing sessions. Prior to reporting for any of the 
three testing sessions, the subjects were instructed not to ingest any 
food three hours prior to being tested as this may affect the 
absorption time of the drug, and not to engage in any strenuous 
activity the day of the test as this may influence the test results. 

The following is an explanation of the time schedule of the 
parameters tested during the three testing sessions: 


The subject reported to the laboratory and was administered 
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either dexedrine in a solution of eight ounces of orange juice,.the 
placebo, or neither the placebo or dexedrine. The subject then rested 
for 25 minutes. During this pertod, the subject read typed instructions 
for the three testing sessions (Appendix F). The subject then sat on 
the bicycle ergometer for five minutes. Resting measurements of heart 
rate, blood pressure, and oxygen uptake were then taken. Exercise on 
the bicycle ergometer was then started by a two minute warm-up at a 
work load of one-half to one kilopond. After the warm-up, the subject 
cycled at the predetermined work load at 60 revolutions per minute. 
Absorption of dexedrine from the gastrointestinal tract is rapid 

(9, 18, 29). "With the usual oral dose of 2.5 to 5.0 mg. of dextro- 
amphetamine, the effects appear within one-half to one hour" (9:504). 
Thus, the drug was administered one-half hour prior to exercise. 

Exercise measurements of heart rate, blood pressure, and 
oxygen uptake were obtained every ten minutes until the end of 
exercise. As a safety precaution, heart rate was monitored at the end 
of every minute during the test. Recovery measurements of heart rate, 
blood pressure, and oxygen uptake were taken five, ten, and fifteen 
minutes following the end of ekedise: 

Each subject responded to a scale for ratings of perceived 
exertion every five minutes during the exercise. 

Pedal revolutions were recorded every minute. The termination 
of exercise occurred when the subject indicated he could no longer 
complete the task required - that is, cycling at 60 revolutions per 
minute at the constant predetermined work load. 

Urine samples were obtained following the fifteen minute 


recovery period from exercise during the testing sessions when either 
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dexedrine or the placebo had been administered to the subjects. The 
sample from the placebo session was discarded. The other sample was 
measured for volume produced and pH. A sample of approximately 30 ml. 
of urine with one-half a cc. of toluene per 10 ml. added to the urine 
was frozen to be analyzed for amphetamine content at a later date. 

At the end of the two testing sessions when either the placebo 
or the dexedrine had been administered, the subjects were asked to 
identify whether they thought the placebo or the dexedrine had been 


administered. 
MEASUREMENT TECHNIQUES 


WORK LOAD ON THE BICYCLE ERGOMETER 

The bicycle ergometer used was manufactured by the Monark 
Company of Sweden. The wheel of the ergometer was braked mechanically 
by a friction belt. The work loads (frictional force applied to the 
frictional belt) were obtained by adjusting the tension regulating 
mechanism on the bicycle ergometer. An electrical counter connected to 
a microswitch, which in turn was attached to the pedal axis, recorded 
the number of revolutions pedalled. An electrical metronome that was 
set at 120 beats per minute was used to assist the subject in 
maintaining a pedalling rate of 60, revolutions: per minute. 

The bicycle ergometer was calibrated, using a standard 
technique (37), before and after each testing session. Calibration 
factors were obtained by hanging standard masses on the revolving drum. 
The calibration factors obtained for each of the appropriate scale 


divisions were the number of grams required to raise the pendulum to 


each scale marking. 
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HEART RATE 

Heart rate was recorded by a Sanborn 500 Viso-Cardiette 
Recorder (electrocardiograph). Readings were obtained from two chest 
electrodes and one reference electrode. The recorder was calibrated 


before and after each testing session. 


BLOOD PRESSURE 

Blood pressure was measured by a sphygmomanometer which 
measures the amount of air pressure equal to the blood pressure in an 
artery. The measurement was always taken using the right upper arm and 


was measured to the nearest five millimeters. 


OXYGEN UPTAKE 

Oxygen uptake was measured using an open circuit method. 
Barometric pressure and room temperature were recorded immediately 
prior to the start of the testing session. Expired gas samples were 
collected in meteorological balloons. Gas samples of one minute 
duration were collected for rest and recovery measurements, and fifteen 
second gas samples were taken during exercise. All gas volumes were 
corrected to STPD. The samples were analyzed immediately for oxygen and 
carbon dioxide content. 

The Beckman Model E2 Oxygen Analyzer was used to determine the 
percentage of oxygen in the sample. The Godart Capnograph co, Analyzer 
was used to determine the Rarecuetee of carbon dioxide in the sample. 
Both analyzers were calibrated before and after testing each subject 
during the testing sessions. Calibration of the analyzers was done 
using a reference gas (containing 5.04% carbon dioxide and 95.96% 


nitrogen) and room air (containing 20.94% oxygen). 


: ‘i £ puss ; 
rs = Did ae as Le : 1) 
i BE: ra y a AY! i 
? + 2 ‘ Lire ‘ 


sabe moot ove tee malls 


aud ows ~ bontasde ans aint npoth 
a tae saw “sbrose Ene sshowssats sons P 


hie Ne 


Avery ssa aublemeineee a Ra bowasse aew ccna 
te. mi siuessitq -boold silt of. deupe hecaiat, aie Tt avon 2 


ssa sok senase 598 oa Be : 


“yavakboma’ ‘habrosex sabi pluasroqnes ' aos bie + se 

a15% dokatiade' ong oar heya caatieese ghtsaos ati Yo sunte add 8 
Soda ion athe te asiighow: rr -anoakiad Inatgoloros son mh: b 49 

iogabete bis. .eoubaasivanaa TI8Va98T bas deo7 x07 betsetion same vy 

prow! wsan toy’ 288 As votikotane ok risked otew nokia eg Batvbe 

pa bins ae or07 an Soemak peticlane sion seer agi ait aGte: we tas 


aids animis ial bal ‘bean éev sittin wom, ue tebatt ech 908 out 
f ‘asmehead oD) sige pads? oo? “watt ieesa etd ot porn Xo, saesnsatag 
laisse 3:15 nh wh kako Pace sida to « agndnasisa Sts ghitirs 15b. o9 baad oe a 


dost ave Hone ant 8) walle baie ewisd sh esther ais ermeeiene dod i= =) 


ad lea are ai 
sugh tad eapbietace ant 26 svotpedt Lad aprokese gahiiiss eas gobaab re 
f ti “4 


gee 20 bid abingith nails Bie gitintn 760) ra biagietien 6 gnkeyy” un 
: 7 on 


ane | . * eee  tneaeg, 8 OS. getoetica) 4is" ees ‘bee en Pe 


pi ' 

Ps 7 x set ii Te ie ; eae) a3 ye 

yp bed eae ec, ea kh ge | Sana 
ee ee at 4 Phi ‘ 1 sas Ren a 


39 


RATINGS OF PERCEIVED EXERTION 

Perceived exertion was measured by a scale for ratings of 
perceived exertion developed by G. A. V. Borg (11). A diagram of the 
rating scale and the verbal explanation of the scale that was read by 
each subject prior to the start of the testing sessions can be found 


in Appendix F. 


ENDURANCE PERFORMANCE 
Endurance performance was measured to the nearest minute by the 
length of time that a subject cycled at 60 revolutions per minute at a 


predetermined constant work load. 


URINE ANALYSIS 

The estimation of dextroamphetamine sulfate in the urine 
samples of the subjects tested was done by gas-liquid chromatography 
(GLC) using a flame ionization detector (FID). 

Instrument: Hewlett Packard 5700A 

Column: glass Gti hy st/s in. “Td. 


Phase and Support: 3% OV225 on Chromosorb W 
HP (60 - 80 mesh) 


Column Temp.: 75 degrees 
Injector Temp.: 250 degrees 
Detector Temp.: 250 degrees 
Carrier Gas: He. (1255 pst.) 
Attentuation: 10 by 8 


A sample of five milliliters of urine was basified with 0.5 ml. 
of 20% sodium hydroxide solution. The internal standard, n-propyl- 


amphetamine, was added and the mixture was gently shaken for two 
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minutes with five milliliters of ether. After centrifuging, three 
milliliters of the ether layer were recovered, three drops of n-butanol 
were added and the mixture was evaporated to approximately 100 micro- 
liters in a water bath at 45 degrees centigrade. Two microliter samples 
of the concentrated extract were chromatographed. Results were 
calculated from a calibration curve that was prepared by adding known 
amounts of dextroamphetamine sulfate to blank urine (Appendix G - 


Table 52). 
EXPERIMENTAL DESIGN 


To determine the order in which the subjects received the three 
beedemenea. the standard form of a 3 x 3 Latin square design was yoed 
(73:688). The order of the three treatments was thus randomized under 
the restriction of the balance required for the Latin square design. 
The 12 subjects were randomly assigned to one of three groups. The 
three groups of four subjects each were assigned to one of the three 
rows of the Latin square. The three letters of the Latin square (a, b, 
c) were assigned to the three treatments (control, drug, placebo 
respectively). The following is a diagrammatical representation of the 


design used: SESSION 


Plan 5 for Latin square repeated measures design (73:712) was used for 
the parameters measured at rest and for the endurance performance times. 


For the parameters measured during exercise and during recovery from 
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exercise, plan 12 for Latin square repeated measures design (73:745) 


was used. 
STATISTICAL TREATMENT OF THE DATA 


Work loads corresponding to 90% of the subjects! maximum heart 
rates attained during the preliminary testing session were determined 
by a least squares solution (24). An APL program (Appendix B) using the 
equations for the linear regression of Y on X was used to ascertain the 
desired work loads. 

An APL program (Appendix C) was used to convert the values 
obtained for oxygen and carbon dioxide expired gas samples to oxygen 
consumption in milliliters per kilogram of body weight per minute. 

For most of the parameters measured, analyses of Latin square 
repeated measures designs were used to treat the data. For the analyses 
of the resting measurements and the endurance performance times, plan 5 
for Latin square repeated measures design (73:712) was used. Plan 12 
for Latin square repeated measures design (73:745) was used for the 
analyses of the exercise and recovery measurements. A one-way analysis 
of variance was used to treat age, height, weight, and maximum heart 
rate data. A t-test for correlated samples was used to compare the 
heart rates that were 90% of the maximum heart rates attained during 
the preliminary testing session (predicted heart rates) with the actual 
heart rates of the subjects at the tenth minute of exercise during the 
control session. FORTRAN programs were used to compute the results. 


Where applicable, a Scheffé test was used whenever significant F's 


occurred. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
INTRODUCTION 


The purpose of this study was to investigate the effects of 
dextroamphetamine sulfate on selected physiological, psychological, and 
physical performance parameters of male athletes in the noncompetitive 
season. A sample of 12 volunteer male athletes were studied. 

The statistical analyses of the data are presented in Appendix 
A (Tables 9 - 51). In the analyses, the terms group, treatment, session, 
and time refer to the following: 1) Group - The subjects were randomly 
assigned to one of three groups (A, B, or C). Groups A, B, and C were 
comprised of subjects 1 - 4, 5-- 8, and 9 - 12 respectively. 

2) Treatment - refers to the three 
treatments LE drug, and placebo) which the subjects were 
administered. Treatments te Ze andmsarerersto control, drug. and 
placebo conditions respectively. 

3) Session - refers to the three 
different occasions that the subjects were tested following 
administration of one of the three treatments. Therefore, sessions 
1, 2, and 3 refer to the first, second, and third occasions 
respectively that the subjects were tested. 

4) Time - refers to the specific time 
periods during which measurements were taken on the parameters studied. 
For the parameters measured during exercise, times 1 and 2 refer to the 


measurements taken at 10 minutes of exercise and the end of exercise 
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respectively. For the parameters measured during recovery from exercise, 
the measurements were taken 5, 10, and 15 minutes following the end of 
exercise (Times 1, 2, and 3 respectively). The only exception in the 
use of the term time is with the comparisons of parameters measured at 
rest and during the fifteenth minute of recovery from exercise. For 
these comparisons, time 1 refers to the measurements taken at rest 

and time 2 refers to the measurements taken during the fifteenth minute 
of recovery from exercise. 

The graphs, as presented in this chapter, illustrate all 
treatment effects and all significant effects for the analyses of the 
parameters measured at rest, during exercise, and during recovery from 
exercise. Unless otherwise stated, 0.05 has been used as the level of 
significance for any significant differences reported in this chapter. 
Comparisons with the results reported were done only with those studies 
reviewed in'the literature that used various doses of dextroamphetamine 
sulfate. However, it must be noted that these studies not only used 
various doses of the drug but also different number and type of 
subjects, different methods of administering the drug, different times 
allowed for absorption of the ae prior to measuring the parameters 
tested, and different physical performances. Any one of these factors 
may have attributed to the results of these studies reported in this 


chapter. 
PHYSICAL CHARACTERISTICS OF SUBJECTS 


Table 1 presents the means and ranges for age, height, weight, 
and maximum heart rate of the subjects tested. These parameters were 


measured during the preliminary testing session. The physical 
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characteristics for each subject are presented in Table 55 (Appendix K). 
One-way analysis of variance for each of the physical characteristics 
reported in Table 1 revealed no significant differences between groups 


for any of the characteristics (Appendix A - Tables 9, 10, 11, 12). 


TABLE 1 


PHYSICAL CHARACTERISTICS OF SUBJECTS 


Parameter Unit “of Mean Range 
Measurement 
Age Years 2 Oree ikea Saye Soi 7/ 
Height Centimeters 7 G6el1 16402= “90.5 
Weight Kilograms 76.45 693) 2D O 
Waximum | Beats per 
Heart Rate Minute 161.75 E67 7 2195 


PRELIMINARY TESTING SESSION 


From the data of the preliminary testing session (Appendix K - 
Table 75) the predicted work loads for all of the subjects were 
determined using an APL program (Appendix B) for the linear regression 
of Y on X. These work loads corresponded to 90% of the subjects' 
maximum heart rates attained during the progressive work load test. 
These work loads were used for testing the subjects for the next three 
testing sessions. Table 2 gives the predicted work loads for all of the 


subjects tested. 
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TABLE 2 


WORK LOADS FOR THE THREE TESTING SESSIONS 


Subject Number 


LT 


TZ 


Predicted Work Loads 
(Kilopond) 
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THREE TESTING SESSIONS 


Summaries of the analyses of the parameters measured at rest, 
during exercise, and during recovery from exercise are presented in 
Tables 3, 4, and 5 respectively. Table 6 provides a summary of the 
analyses of comparisons of parameters measured at rest and during the 
fifteenth minute of recovery from exercise. A '-"' appearing in the 


Wott 


tables indicates no significant differences, and an appearing in 


the tables indicates significant differences for the three testing 
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sessions. 
TABLE 3 
SUMMARY OF ANALYSES FOR PARAMETERS 
MEASURED AT REST 
Parameter Session Treatment Session x 


Treatment 


Heart Rate = = = 


Systolic Blood 
Pressure = = ¥ 


Diastolic Blood 
Pressure = oe os 


Oxygen Uptake = = > 


- Not Significant at the 0.05 level 
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PARAMETERS MEASURED AT REST 


HEART RATE AT REST 

Table 13 (Appendix A) summarizes the analysis of variance for 
heart rate measured at rest. No significant differences for heart rate 
at rest occurred among the three treatments. Thus, dexedrine had no 
significant effect on resting heart rate. This result is in agreement 
with that reported by Goldstein, Searle, and Schimke (32); and Snyder, 
Faillace, and Weingartner (68). However, Golding and Barnard (31); 
Martin et al. (50); and Segers, s'Jongers, and Lewillie (62) reported 
increases in heart rate at rest as result of dexedrine administration. 
Figure 1 illustrates the mean resting heart rate values for the three 


treatments. 
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SYSTOLIC BLOOD PRESSURE AT REST 

The analysis of variance for systolic blood pressure measured 
at rest is summarized in Table 14 (Appendix A). There were no 
significant differences among the three treatments for systolic blood 
pressure at rest. Thus, dexedrine had no significant effect on systolic 
blood pressure at rest. This result is in agreement with that reported 
by Goldstein, Searle, and Schimke (32); Segers, s'Jongers, and Lewillie 
(62); and Snyder, Faillace, and Weingartner (68). An increase in 
systolic blood pressure at rest was reported by Golding and Barnard (31). 
Figure 2 illustrates the mean resting systolic blood pressure values 


for the three treatments. 
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DIASTOLIC BLOOD PRESSURE AT REST 

Table 15 (Appendix A) presents the analysis of variance for 
diastolic blood pressure measured at rest. No significant differences 
occurred in diastolic blood pressure at rest among the three treatments. 
Thus, dexedrine had no significant effect on diastolic blood pressure 
at rest. This result is in agreement with that reported by Goldstein, 
Searle, and Schimke (32); Segers, s'Jongers, and Lewillie (62); and 
Snyder, Faillace, and Weingartner (68). Figure 3 illustrates the mean 


resting diastolic blood pressure values for the three treatments. 
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OXYGEN UPTAKE AT REST 

The analysis of variance for oxygen uptake measured at rest is 
summarized in Table 16 (Appendix A). There were no significant 
differences in oxygen uptake at rest among the three treatments. Thus, 
dexedrine had no significant effect on oxygen uptake at rest. Segers, 
s'Jongers, and Lewillie (62) reported an increase in oxygen uptake at 
rest. Figure 4 graphically depicts the mean resting oxygen uptake 


values for the three treatments. 
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SUMMARY OF THE PARAMETERS MEASURED AT REST 

Dextroamphetamine sulfate in the dose of 0.14 mg. per kilogram 
of body weight had no significant effects on heart rate, systolic blood 
pressure, diastolic blood pressure, or oxygen uptake measured at rest. 
These results can be expected as the dominant action of dexedrine is 
as a central nervous system stimulant with weak peripheral sympatho- 
mimetic effects (and in particular cardiovascular effects) as 
secondary (1/-, 19, -29,..33, .345 45, 47). As the.drug's main attribute 
as a central nervous system stimulant is the masking of the 
phavsi0locieal sense of fatigue (21, 30,133, 44, 45, 47,.52, 53)5 it 
would seem that it is necessary to be in a state of fatigue before 
the drug could possibly have any effects on physiological parameters. 
As the subjects were not fatigued when the parameters were measured 
at rest, the results reported could be anticipated. However, it must 
be noted that at least two other factors may have caused no 
significant effects on the parameters measured at rest. The dose of 
the drug and the time allowed for absorption of the drug (30 minutes) 


may not have been sufficient enough to cause any significant effects. 


PARAMETERS MEASURED DURING EXERCISE 


ENDURANCE PERFORMANCE TIME 

The analysis of variance for endurance performange times on 
the bicycle ergometer is summarized in Table 17 (Appendix A). No 
significant differences occurred in the length of time that the 
subjects cycled at the constant work loads for the three treatments. 
Thus, dexedrine had no significant effect on endurance performance time. 


Golding and Barnard (31) reported no significant effects on treadmill 


Ae twol el tq ae ery 0 %e: eth ot ab, 


hoold oligteys ceeag vanod e. mpegs sour be . 
Trad If ye suesont ace) wa N 94 annene boo Ld i” a . “4 Asli ’ 


“ora qave Levedatyag pe 


rks abtais akem. 2 i ian ant o ‘at ett ae re et al 

ota to watsteom ott eh Snakomise as 2uye euavred som 

tt Nez SiMe SS eee oe BS) ‘ugha io senve, L6o 

uted ough a3 16, saa (@ nt 4 oy) jernaieonsa it-2b ‘eh 

ans omibe sa ig atot ate Ades te es aynit 
pias Show PASE TET “veal nady nai ae 

| iG ee +5 < 4 yRwoH ee zi 


na + heii a ete ay 


6. 43 aay (neat. a a, m4 yi 


ale 


doit sant! Raa a penin ott | 
atta SabDb. Tite ho! eft ot; iat ik fee: seed on ee 4 


tread 
(es tise oe) auth add 10, nokagroe ge $4" 


wl 


q , A a 
{ ue Pathe me 


an | tarot sbi comes antnbine ey, ft) 
, ma ty ae ais 


: we 
i 


: fires eam, euitnarrotiey dhetiute 40% -apnmittes io ne eae oe 


ya 


he say. “ xrbiedua } ei al ard re bast ieiive ah onsaobs Sloqotd aul lea 


any Sent sntk. 2 o apa ag ant: bowtuinns 5 aatore Nb: jnmokdingte met 


- fet “ 
:  Sinomieers apas3 thy 0% ebpall ohrow, ote bis te bal a a atoetdse 3h 
i ; ) sel sp ord 


oO ty = 
vom sampmiot eg Sas saubito’ ee feo nga « on ust atch rheeb ent 


feb Hb, pans smo or Nastogay Ree bxacibt eee gnkbiod « pe ; im 


a 


7 NE 


% ) no any tr” : fi ed baile fan! ie, ry rp 


= } a 
\ = t / t 
- — J thet ‘ ss * . - 7 no Ae ( : inet 


55 


c 


running times of subjects who had been administered dexedrine. Figure D 
Gite wEAeESs the mean endurance performance times for the three 
treatments. It is interesting to note that there are similar differences 
in times from the control to placebo treatments compared to the placebo 
and drug treatments. Although there were no significant differences in 
endurance performance times for the three treatments, the effect of 
being administered the drug as compared. to the control condition had 
twice the effect of being administered the placebo as compared to the 


control condition. 
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The analysis revealed a significant session effect independent 
of the treatment administered. A Scheffé test (Appendix A - Table 18) 
revealed a significant difference in endurance time from session two 


to session three, but not from session one to session two, or from 
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session one to session three. Figure 6 illustrates the mean endurance 
performance times for the three sessions. The longest mean endurance 
time occurred during session three. Attributing to this result could be 
the realization by the subjects that this was the last testing session. 
The subjects used in this study were intrinsically motivated. Thus, 
they were all concerned with bettering their own times. The third 
session was the last opportunity to perform better than the previous 
two sessions. Although the subjects were not told their actual 
performance times, they could quite easily subjectively estimate their 
times. Although the subjects were in fairly good physical condition, 
none of them were presently training jn the bicycle ergometer. 
Therefore, it is possible that the specificity of training effects from 
cycling on the bicycle ergometer could have attributed to the longest 


cycling time during session three. 
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HEART RATE DURING EXERCISE 

Table 19 (Appendix A) presents the analysis of variance for 
heart rate measured during exercise. Significant F's were obtained for 
treatment, time, and session effects. A Scheffé test (Appendix A - 
Table 20) for treatment effects om heart rate showed that the drug 
treatment was significantly different from both the placebo and control 
treatments, but there was no significant difference in heart rate 
between the control and placebo treatments. Thus, dexedrine produced a 
significant increase in heart rate during exercise. This result is in 
agreement with that reported by Segers, s'Jongers, and Lewillie (62). 


This increase in heart rate may cause additional stress to be placed on 
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the individual who is already naturally stressed by the exercise. This 
may be harmful to the individual in that he may be stressed beyond his 
natural physiological limitations. Figure 7 illustrates the mean heart 


rate values during exercise for the three treatments. 
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A significant time difference in heart rate at ten minutes 

of exercise and the end of exercise, independent of treatment, is to be 
expected. Heart rate obviously increases as the duration of exercise 
increases and fatigue sets in. Figure 8 illustrates the mean heart rate 
values, independent of treatment, measured at two times during exercise - 


10 minutes of exercise, and the end of exercise. 
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MEAN HEART RATE VALUES DURING EXERCISE 
FOR THE TWO TIMES 

A Scheffé test (Appendix A - Table 21) for session effects on 
heart rate during exercise showed that session one, independent of 
treatment, was significantly different from session three; there were 
no significant differences from session one to session two, and from 
session two to session three. Mean heart rate during exercise for 
session one was significantly higher than mean heart rate during 
exercise for session three. Although significant differences in heart 
rate for the three sessions were not expected, it is possible that the 
decrease in heart rate occurred as a result of the specificity of 
training effects from cycling on the bicycle ergometer from session one 


to session three (4). Figure 9 illustrates the mean heart rate values 


ss ‘ 5 = i. re + 


tT beg a } 
ae : 
am A, 
. SS ee 
, 
ea 
r ' | 
oT } 
{ | 
bin 
. : ) | 
rie x : 
| . } © ofy i Cid) ph ates 
ee te ee 
Sou ReTOR KT FOr Cae > Saga 
ay 
st 368 ago 
Aiea | Ny 
: B41 SLA ONT AU VTUUAW Sham 
a ie 2 at aT 
1 7 i ri re \ ' & ¥.. 
no saat on aokedan “oa (ES aldeT.= k xtbaaga) $40 satollae & 


9 sasbas geet a: aotanss omits boworle oobi gol tb: rt 


x i 


pret ores. pass sae! O12 3na7933hh xljeapttioghe an ane 


; Bim tet 
mor? bigs Apnoea ap ano tb eek now eapeoeehenp dn 


ean) ae "a ee iain “gatsub HIRT ised teat pune ‘aokeese (04, 1 tie a 


o oe ake eden. dtd rior died songbik it gh call patty ff 
aye ik seanbigaieal, oa titmate Aguosts EA 2atiha noteese 10> cr: 


nan ) , 
“nat tadt diavieds at at aps togaxs fon 94 we Sos aba c soa ofa ey ater ye 


Lady eee 


‘ag iat thoege adi te Piueg? © xe L borausbe ager ‘aa sean39b am 


“989 perenne nor’ TeTeMoy TE stareoke nls qo. antioys rnt eanetie acne 4 


= 4 


60 


during exercise for the three testing sessions. 
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MEAN HEART RATE VALUES DURING EXERCISE 
FOR THE THREE SESSIONS 
SYSTOLIC BLOOD PRESSURE DURING EXERCISE 
The analysis of variance for systolic blood pressure measured 

during exercise is summarized in Table 22 (Appendix A). There were no 
significant differences in systolic blood pressure during exercise 
in the analysis used. Dexedrine had no significant effect on systolic 
blood pressure during exercise. Segers, s'Jongers, and Lewillie (62) 
reported an increase in systolic blood pressure during exercise. Figure 
10 illustrates the mean systolic blood pressure values during exercise 


for the three treatments. 
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MEAN SYSTOLIC BLOOD PRESSURE VALUES DURING 
EXERCISE FOR THE THREE TREATMENTS 

DIASTOLIC BLOOD PRESSURE DURING EXERCISE 

Table 23 (Appendix A) presents the analysis of variance for 
diastolic blood pressure measured during exercise. There were no 
significant differences in diastolic blood pressure during exercise 
among the three treatments. Thus, dexedrine had no significant effect 
on diastolic blood pressure during exercise. This result is in 
agreement with that reported by Segers, s'Jongers, and Lewillie (62). 
Figure 11 illustrates the mean diastolic blood pressure values during 


exercise for the three treatments. 
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MEAN DIASTOLIC BLOOD PRESSURE VALUES DURING 
EXERCISE FOR THE THREE TREATMENTS 

Significant F's were obtained for session effects and treatment 
by session interaction. A Scheffé test (Appendix A - Table 24) for 
session effects on diastolic blood pressure during exercise showed that 
mean diastolic blood pressure was significantly different from session 
two to session three, but not from session one to session two, or from 
session one to session Eh cena significant difference in diastolic 
blood pressure from session two to session three was not expected. 
Although the effects of training on diastolic blood pressure are not 
known, it is possible that the specificity of training effects from 
cycling on the bicycle ergometer could have attributed to the decrease 
observed in diastolic blood pressure during exercise for session three 
along with the confounding effects of treatment as illustrated in the 
treatment by session interaction. Figure 12 illustrates the mean 


diastolic blood pressure values during exercise for the three sessions. 
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MEAN DIASTOLIC BLOOD PRESSURE VALUES DURING 
EXERCISE FOR THE THREE SESSIONS 

Table 25 (Appendix A) shows the significant session by 
treatment interactions revealed by a Scheffé test. Figure 13 
illustrates the session by OREN: interaction effects. For the 
interaction effects, the 0.10 level of significance was used for the 
Scheffé test. With the larger number of means (nine) there was more 
likelihood of finding significant differences that existed using the 
lower level of significance. The main effects for session and treatment 
were not independent of each other as illustrated by the disordinal 
interaction. Although diastolic blood pressure at session two was 
significantly different from diastolic blood pressure at session 


three, the effect was not independent of treatment. That is, the 
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treatments did not produce consistent effects from session two to 


session three. 
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MEAN DIASTOLIC BLOOD PRESSURE VALUES DURING 
EXERCISE FOR SESSION X TREATMENT INTERACTION 
OXYGEN UPTAKE DURING EXERCISE 
The analysis of variance for oxygen uptake during exercise is 
summarized in Table 26 (Appendix A). There were no significant 
differences in oxygen uptake during exercise among the three treatments. 
Thus, dexedrine had no significant effect on oxygen uptake during 
exercise. Segers, s'Jongers, and Lewillie (62) reported an increase in 
oxygen uptake during exercise following dexedrine administration. 


Figure 14 illustrates the mean oxygen uptake values during exercise for 
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the three treatments. 
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MEAN OXYGEN UPTAKE VALUES DURING EXERCISE 
FOR THE THREE TREATMENTS 
Significant F's were obtained for session and time effects. A 
significant difference eS oxygen uptake at ten minutes of exercise and 
at the end of exercise, independent of treatment, is to be expected. 
Oxygen uptake increases as the duration of exercise increases and 
fatigue sets in. Figure 15 illustrates the mean oxygen uptake values, 
independent of treatment, ered at two times during exercise - 10 


minutes of exercise and the end of exercise. 
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MEAN OXYGEN UPTAKE VALUES DURING EXERCISE 
FOR THE TWO TIMES 
A Scheffé test (Appendix A - Table 27) for session effects on 

oxygen uptake during exercise showed that session one, independent of 
treatment, was significantly different from session three; but there 
were no significant differences from session one to session two, or 
from session two to session three. The Scheffé was computed using 0.10 
as the level of Sieiiti cance mmhe analysis (Appendix A - Table 26) 
revealed a significant F of 3.21 for session effects. However, this F 
is too close to the critical value of F required for significance 
(3.20) to find where the significant session effect is using the 0.05 
level of significance for the Scheffé test. Therefore, 0.10 was used 
as the level of significance in this analysis. Mean oxygen uptake 
during exercise for session one was significantly higher than mean 


oxygen uptake during exercise for session three. A significant 


difference in oxygen uptake from session one to session three was not 
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expected. This difference in oxygen uptake from session one to session 
three could be attributed to the specificity of training effects from 
cycling on the bicycle ergometer as oxygen uptake decreases with 
training for a given work load on the bicycle ergometer (4). Figure 16 


illustrates the mean oxygen uptake values during exercise for the three 


sessions. 
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MEAN OXYGEN UPTAKE VALUES DURING EXERCISE 
FOR THE THREE SESSIONS 
PERCEIVED EXERTION DURING EXERCISE 
Table 28 (Appendix A) presents the analysis of variance for 

perceived exertion during exercise. There were no significant 
differences in ratings of perceived exertion for the three treatments. 
Thus, dexedrine had no significant effect on the subjects' perception 
of the physical work they were doing. Figure 17 illustrates the mean 


perceived exertion values during exercise for the three treatments. 
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MEAN PERCEIVED EXERTION VALUES DURING 
EXERCISE FOR THE THREE TREATMENTS 
Significant F's were obtained for time effects and time by 

group interaction. A Scheffé test (Appendix A - Table 29) for time 
effects on ratings of perceived exertion during exercise showed that 
time two was significantly greater than time one; time three was 
significantly greater than time one; and time three was significantly 
greater than time two. The significant time effects, independent of 
treatment, could be anticipated. As the length of time an individual 
is exercising at a high work level increases, the harder the work 
becomes, and thus, the work is rightly perceived as being harder. A 
progressive increase in the perception of the work being done is shown 
from five minutes of exercise to ten minutes of exercise to the end of 
exercise. Figure 18 illustrates the mean perceived exertion values, 
independent of treatment, measured at three times during exercise - 


five minutes of exercise, ten minutes of exercise, and the end of 
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MEAN PERCEIVED EXERTION VALUES DURING 
EXERCISE FOR THE THREE TIMES 
Table 30 (Appendix A) shows the significant time by group 
interactions using 0.10 as the level of significance for the Schef fé 
test. Figure 19 illustrates the time by group interaction effects. The 
main effects for time and group are not independent of each other as 
illustrated by the disordinal interaction. Although perceived exertion 


ratings during exercise were significantly different from time one to 
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time two to time three, the effects were not independent of groups. 


That is, the groups did not produce consistent results for the three 


times. 
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SUMMARY OF THE PARAMETERS MEASURED DURING EXERCISE 

Dextroamphetamine sulfate in the dose of 0.14 mg. per aeran 
of body weight, administered thirty minutes prior to exercising, had no 
significant effect on the length of time the subjects could cycle at 
the constant predetermined work loads. Systolic blood pressure, 
diastolic blood pressure, oxygen uptake, and ratings of perceived 
exertion measured at specific times during exercise on the bicycle 
ergometer were not significantly affected by the drug administered. 
Heart rate was the only parameter measured during exercise that was 
significantly affected by the administration of the drug. 

The rating scale for perceived exertion during exercise on the 
bicycle ergometer was used as a measure of the degree to which the 
dexedrine masked the subjects" perceptions of physical exertion and 
the physiological sense of fatigue. Although the ratings of perceived 
exertion for the three treatments were not significantly different, the 
lowest ratings of perceived exertion for the same work load occurred 
during drug administration. This indicates that although the drug did 
not significantly affect the ratings of perceived exertion, it did have 
an effect in comparison to the other two treatment conditions. Thus, 
the drug appears to have distorted, to an extent, the subjects' 
perceptions of physical exertion and thus mask, to a degree, the 
physiological sense of fatigue. 

This masking of fatigue can be exemplified with some of the 
other parameters measured during exercise on the bicycle ergometer. 
Heart rate was significantly higher after administration of the drug as 
compared to the placebo and control treatments. The highest systolic 


blood pressure value occurred during drug administration. With the 
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higher values reported for systolic blood pressure and heart rate under 
the drug treatment, it appears that the drug was masking the 
physiological strain of exertion. Although the subjects were being 
physiologically taxed with respect to heart rate and systolic blood 
pressure to a greater extent under the drug treatment, the longest 
cycling time occurred during drug administration. 

The lowest oxygen uptake value occurred during drug 
administration. Under the influence of the drug, it appears that a 
masking of physiological strain with respect to oxygen uptake did not 
occur, or the highest value for oxygen uptake would have been reported 
during drug administration. However, the lowest value reported for 
oxygen uptake during drug administration could possibly be interpreted 
as meaning that the physical exertion was, in fact, less demanding on 
oxygen needs during the drug treatment. That is, the subjects were 
cycling on the bicycle ergometer more efficiently for the same work 
load with respect to oxygen demands during the drug treatment as 
compared to the placebo and control treatments. 

The highest value for diastolic blood pressure occurred not 
during the drug treatment but during the placebo treatment. Exercise 
exerts little, if any, effect on diastolic blood pressure; and thus, 
the drug possibly exerts less effect on diastolic blood pressure during 
exercise than on any of the other parameters measured. 

The preceding discussion has served to point out that dexedrine 
by masking or distorting, to an extent, the perception of exertion, 
physical performance and physiological parameters may be affected. The 
subjects maintained endurance performance for a longer period of time 


under the drug treatment even though they were physiologically 
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fatigued. Thus, the perception of exertion was masked to some extent 
but the physiological fatigue was not abolished. This masking of 
physiological fatigue may be dangerous to the athlete as further strain 
may be placed on the physiological processes (heake rate and systolic 
blood pressure in particular) that are already naturally strained by 
physical exertion; and the athlete may be strained beyond his natural 
physiological limitations. 

It should be noted that no significant effects occurred with 
any of the physiological parameters measured during exercise (except 
for heart rate) possibly because dexedrine exerts weak peripheral 
sympathomimetic effects. However, cardiovascular effects would be 
exerted indirectly through the masking of fatigue. Therefore, if the 
dGeeruE the drug used was greater, it is possible that the masking 
of fatigue would have been more explicit and thus the physiological 
parameters may have been significantly affected. Also, the physical 
performance parameter may have been significantly affected by a 


greater drug dose. 


PARAMETERS MEASURED DURING RECOVERY FROM EXERCISE 


HEART RATE DURING RECOVERY FROM EXERCISE 

The analysis of heart rate measured during recovery from 
exercise is presented in Table 31 (Appendix A). Significant F's were 
obtained for treatment and time effects. A Scheffé test (Appendix A - 
Table 32) for treatments effects on heart rate during recovery from 
exercise showed that the drug treatment was significantly different 
from both the control and placebo treatments, but there was no 


significant difference between the control and placebo treatments. 
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Thus, dexedrine caused the heart rate to remain elevated during fifteen 
minutes of recovery from exercise. This result is interesting with 
respect to athletics. It may be harmful to athletes, under the effects 
of dexedrine, to have their heart rates remain elevated for a longer 
period of time than naturally occurs following exercise. It is not 
physiologically sound to place more strain on the heart than is 
necessary. Figure 20 illustrates the mean heart rate values during 
recovery from exercise for the three treatments. This result is in 
agreement with that reported by Golding and Barnard (31); and Segers, 
s'Jongers, and Lewillie (62) following drug administration. Golding 
and Barnard (31) reported no significant effect of dexedrine on 
recovery heart rate following the first all-out treadmill run, but 
reported a significant drug effect following the second all-out 


treadmill run. 


BIA ee, 


110 


100 


MEAN HEART RATE DURING RECOVERY 
FROM EXERCISE (BEATS PER MINUTE) 


CONTROL DRUG PLACEBO 
TREATMENT 
FIGURE 20 


MEAN HEART RATE VALUES DURING RECOVERY FROM 
EXERCISE FOR THE THREE TREATMENTS 
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A Scheffé test (Appendix A - Table 33) for time effects on 
heart rate during recovery from rereiees independent of treatment, 
showed that time one (five minutes after the end of exercise) was 
significantly higher than time two (ten minutes after the end of 
exercise); time one was significantly higher than time three (fifteen 
minutes after the end of exercise); and time two was significantly 
higher than time three. Although heart rate decreased as would be 
expected from five minutes following the end of exercise to fifteen 
minutes following the end of exercise, independent of treatment, the 
dexedrine caused the heart rate to be significantly elevated to a 
greater extent than did the other two treatments. Figure 21 illustrates 
the mean heart rate values during recovery from exercise measured at. 
three times - five, ten and fifteen minutes following the end of 


exercise. 
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FIGURE 21 
MEAN HEART RATE VALUES DURING RECOVERY FROM 
EXERCISE FOR THE THREE TIMES 
SYSTOLIC BLOOD PRESSURE DURING RECOVERY FROM EXERCISE 
Table 34 (Appendix A)- summarizes the analysis of variance for 

systolic blood pressure measured during recovery from exercise. 
Significant F's were obtained for treatment, session, and time effects. 
A Scheffé test (Appendix A - Table 35) for treatment effects on systolic 
blood pressure during recovery from exercise showed that the drug 
treatment was significantly different from the control and placebo 
treatments, but there was no significant difference between the control 
and placebo treatments. Thus, dexedrine caused systolic blood pressure 


to remain elevated during fifteen minutes of recovery from exercise. 
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With respect to athletics, it is not physiologically sound for systolic 
blood pressure to be elevated for a longer period of time than naturally 
occurs following exercise. Figure 22 illustrates the mean systolic 

blood pressure values during recovery from exercise for the three 
treatments. This result is in agreement with the result reported by 
Golding and Barnard (31) following dexedrine administration. However, 
Segers, s'Jongers, and Lewillie (62) reported no change in systolic 
blood pressure during recovery from ee after being administered 


dexedrine as compared to the placebo results. 
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MEAN SYSTOLIC BLOOD PRESSURE VALUES DURING RECOVERY 
FROM EXERCISE FOR THE THREE TREATMENTS 
A Scheffé test (Appendix A - Table 36) for time effects on 
systolic blood pressure during recovery from exercise, independent of 
treatment, showed that time one was significantly higher than time two; 


time one was significantly higher than time three; but there was no 


phibhdawe 707 bgtiaty ae rodent ipa a A 
pbievyvinh avd» soft, Io Bet a) vital. ‘% dor! bad 


hi Oo eis sig ln. Seis angut Tau ety “e osugit. aetnon 
sevis offd. 103 Sed “aga eer Neape ohub stele 2 7 


ha Mi, 
¥O DSITOUsT Je +9 jai ‘aie Saasseago, ae. ad aiuest, a F 


<?SaV73 epi ve th seit r sis oa antvelto? (8) 
st¥erave oY apni) ot bes tnqst (209 Rete bam ¢ 


barsgeloimbs srlad tag36 ye tagaxe woo sr08 srtsoh's 


a4 od odacatg aut 3 “i BM 
- ea Aa 


~ 
» ? 
= : 7 
{ a 
1 
cS yC USI 
se = 
Ay 4 
. 
j 
4 
~ } 
} “| 
7 j 
= 
7 
ee A ae eae 


A . NSRP AST 
te 'se anions 


FASVOOES WL AVES ‘BSUIAV amlieuss G58 33) ay. 
ert nares BARAT RAT ROT (B OMaRe MOR 


Ping 22° aids smitt 162 Ge *iduTy - A xtbnsigh) teat S34edo2. A P | on 


f 26° 3H! ragentus hy aicoxs: ee gaits rr vi dane 9 “boold siiloteye 


oud Sts, oa) ~anetid vis sneha a6wonAO “Sa gg heworta i Hictiaa a Log 


"UG: as S15) aud, psa td - wiry nett otal Meet os kagke 250 BP: oat?! uy 
- a) ; = ; ; i q : ; ; i ‘ 7 es ks 


, 5 - 7c. ‘ 
: | - of : ) a : | oy 
r i. . Tae Th 
- a xe 7 iy i na _ 7 


78 


significant difference between time two and time three. Thus, systolic 
blood pressure decreased significantly, as would be expected, from five 
minutes of recovery to ten and fifteen minutes of recovery, although 
the decrease from ten to fifteen minutes was not significant. Figure 23 
illustrates the mean systolic blood pressure values during recovery 
from exercise measured at three times - five, ten, and fifteen minutes 


following the end of exercise. 
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MEAN SYSTOLIC BLOOD PRESSURE VALUES DURING RECOVERY 
FROM EXERCISE FOR THE THREE TIMES 
A Scheff& test (Appendix A - Table 37) for session effects on 
systolic blood pressure during recovery from exercise, independent of 


treatment, revealed that session one was not significantly different 
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from session two, but session one was significantly different from 
session three, and session two was significantly different from session 
three. The highest mean systolic blood pressure value occurred during 
session two, and the lowest value occurred during session three. 
Although significant session effects for systolic blood pressure 
measured during recovery from exercise were not expected, the lowest 
value recorded during session three could possibly be attributed to the 
specificity of training effects from cycling on the bicycle ergometer. 
Figure 24 illustrates the mean systolic blood pressure values during 


recovery from exercise for the three sessions. 
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DIASTOLIC BLOOD PRESSURE DURING RECOVERY FROM EXERCISE 

The analysis of variance for diastolic blood pressure measured 
during recovery from exercise is presented in Table 38 (Appendix A). 
There were no significant differences in diastolic blood pressure 
during recovery from exercise in the analysis used. Thus, dexedrine 
had no significant effect on diastolic blood pressure during recovery 
from exercise. This result agrees with the result reported by Segers, 
s'Jongers, and Lewillie (62) following dexedrine administration. Figure 
25 illustrates the mean disatolic blood pressure values during recovery 


from exercise for the three treatments. 
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MEAN DIASTOLIC BLOOD PRESSURE VALUES DURING RECOVERY 
FROM EXERCISE FOR THE THREE TREATMENTS 
OXYGEN UPTAKE DURING RECOVERY FROM EXERCISE 
Table 39 (Appendix A) summarizes the analysis of variance for 


oxygen uptake during recovery from exercise. Significant F's were 


an Hon Cason cane 


a DATS Gain oe udeoat Reon ¢ ibeaanhb, ma 5 i 
“lth “i epegyh) SE: “slat a bo 22 


at hemor boots otletants, gif ssomeidt al 


ys 


AS onbiherzsd = 9 QT bey sea Vid, i esa 
 NeS¥ores) eth syunestg bagld Adel a 3 


is) 


araane Vel batnoqey ) Luzay og ibs sacha 


oiiert NOSMbPiS( nabs! op} beget inetd 6899. a 


" avo a. wniuvuh ceulav stueRerG Bion nites dead, ed oe 
. a 7 
ta hes Be iste: ‘to gi 


Me ie 
par.’ 
a ‘ ‘ 
= > ‘4 = F = 
aes 126 
cELES Hj | ; 
r Rie Al * > | 
H j i 
| : i t. af 
{ * ee a ae 
‘ i 
5 a 4 5 
at 
h L ' ays 
i a A) j ¥ oo 5 P 
n= ESE OS pe tS Se eee oe kere AEN Eos Se olga ce = 
~ G PRROATY ~ a0) aU OST YOD 


tam teaat 
ee FAI 4 > ah) * 


~ Yravorsa. SuTIEG oTUIAY wate 28s cdoute WtoTAAI¢ aac Aer ae 
os” RISULARST, AAT BY KOI’ Selonake MOM . ae. 
af ; a 
Vy > _ 
Hat fiat HOSE, “weve Suite. sara waaYxo 
i 902 sonaiviy 29 stey| 90s sta, 9a er rid bmaagA), S& sidsT Vag | 
_ . i 7 - J 7 > 
‘ or vial atts hace ci aetanaes moe yrsveog7 Bitlivh hae nears ¥ | a 
| i af : 2 


81 


obtained for session, treatment, and time effects. A Scheffé EEStor 
treatment effects on oxygen uptake during recovery from exercise 
revealed that the drug treatment was significantly different fon the 
control treatment; the placebo treatment was significantly different 
from the control treatment; but the drug and placebo treatments were 
not significantly different from each other. Segers, s'Jongers, and 
Lewillie (62) reported no change in oxygen uptake during recovery from 
exercise following administration of the drug as compared to placebo. 
Dexedrine had no more effect on oxygen uptake during recovery from 
exercise than the placebo administered. Figure 26 illustrates the mean 
oxygen uptake values during recovery from exercise for the three 


treatments. 
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A Scheffé test (Appendix A - Table 41) for time effects on 
oxygen uptake during recovery from exercise, independent of treatment, 
showed that time one was significantly higher than time two; time one 
was significantly higher than time three; but there was no significant 
difference between time two and time three. Oxygen uptake during 
recovery from exercise decreased, as would be expected, from five to 
ten and fifteen minutes of recovery but the difference from ten to 
fifteen minutes was not significant. Figure 27 illustrates the mean 
oxygen uptake values during recovery from exercise measured at three 


times - five, ten, and fifteen minutes following the end of exercise. 
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A Scheffé test {Appendix A - Table 42) for session effects on 
oxygen uptake during recovery from exercise, independent of See 
showed that session one was not significantly different from session 
two; session ohe was not significantly different from session three; 
but session two was significantly higher. than session three. Although a 
significant session effect for oxygen uptake during recovery from 
exercise was not expected, the significant difference from session two 
to session three could be attributed to the specificity of training 
effects from cycling on the bicycle ergometer. Figure 28 illustrates 
the mean oxygen uptake values during recovery from exercise for the 


three sessions. 
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MEAN OXYGEN UPTAKE VALUES DURING RECOVERY 
FROM EXERCISE FOR THE THREE SESSIONS 
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SUMMARY OF THE PARAMETERS MEASURED DURING RECOVERY FROM EXERCISE 

Dextroamphetamine sulfate in the dose of 0.14 mg. per kilogram 
of body weight had no significant effect on diastolic blood pressure 
measured during fifteen minutes of recovery following exercise on the 
bicycle ergometer. Significant drug effects were reported for heart 
rate, systolic blood pressure, and oxygen uptake measured during 
fifteen minutes of recovery following exercise on the bicycle ergometer. 
However, oxygen uptake measured during the drug treatment was 
significantly different from only the control treatment, and not from 
the placebo treatment. Thus, heart rate and systolic blood pressure 
were significantly elevated during recovery from exercise on the 
bicycle ergometer following administration of the drug as compared to 
the placebo and control treatments. 

The higher values reported for heart rate, systolic blood 
pressure, and oxygen uptake during recovery from exercise following 
drug administration lend support to the fact that dexedrine does 
indeed mask the physiological strain of exertion. This was noticeable 
especially for the heart rate and systolic blood pressure values. 

That is, the masking of the physiological sense of fatigue during 
exercise, and thus the masking of. the degree to which the physiological 
parameters were being taxed was expressed by the significantly higher 
values reported for heart rate and systolic blood pressure during 
recovery from exercise following drug administration. Heart rate and 
systolic blood pressure were elevated to a greater extent during 
recovery from exercise following drug administration than naturally 
occurs following exercise. It is not physiologically sound for heart 


rate and systolic blood pressure to be placed under a greater strain 
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than would naturally occur. 

Although oxygen uptake values for the drug and placebo 
treatments were not significantly different from each other, the 
highest oxygen uptake value was reported for the drug treatment. 
Therefore, it is possible that what was previously stated for heart 
rate and systolic blood pressure during recovery from exercise could 
also be true of oxygen uptake during recovery from exercise. 

The highest value reported for diastolic blood pressure during 
recovery from exercise occurred not during the drug treatment but 
during the placebo treatment. It appears that dexedrine has no effect 
on diastolic blood pressure during recovery from exercise. 

COMPARISONS OF PARAMETERS MEASURED AT REST AND DURING 
THE FIFTEENTH MINUTE OF RECOVERY FROM EXERCISE 
RESTING AND: RECOVERY HEART RATE COMPARISONS 

The analysis of variance (Appendix A - Table 43) for resting 
and recovery heart rate comparisons showed significant F's for 
treatment, time, and treatment by time interaction effects. A Scheffé 
test (Appendix A - Table 44) for treatment effects on heart rate showed 
that the drug treatment was significantly greater than both the placebo 
and control treatments, but there was no significant difference between 
the control and placebo treatments. Figure 29 illustrates the mean 


resting and recovery heart rate values for the three treatments. 
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FIGURE 29 
MEAN RESTING AND RECOVERY HEART RATE VALUES 
FOR THE THREE TREATMENTS 
The mean recovery heart rate value at the fifteen minute of 
recovery following exercise was significantly higher than the mean 
resting heart rate value, independent of treatment. Thus, heart rate 
was still significantly elevated fifteen minutes following the end of 
exercise as compared to heart rate prior to exercising. Figure 30 
illustrates the mean heart rate values for rest and recovery, 


independent of treatment. 
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FIGURE 30 
MEAN RESTING AND RECOVERY HEART RATE VALUES 
INDEPENDENT OF TREATMENT 
Table 45 (Appendix A) shows the significant treatment x time 

interaction effects using a Scheffé test. For the Scheffé test, 0.10 was 
used as the level of significance. Figure 31 shows the mean resting and 
recovery heart rate values for the treatment x time interaction effects. 
The graph illustrates a significant ordinal interaction of treatment by 
time effects. Although the main effects of treatment and time were both 
significant, the interaction of treatment by time shows that the drug 


treatment caused higher heart rates at both rest and recovery as 
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compared to the placebo and control treatments. 
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MEAN RESTING AND RECOVERY HEART RATE VALUES 
FOR TREATMENT X TIME INTERACTION 
RESTING AND RECOVERY SYSTOLIC BLOOD PRESSURE COMPARISONS 
The analysis of variance for resting and recovery systolic 
blood pressure comparisons is summarized in Table 46 (Appendix A). No 
significant differences in mean resting and recovery systolic blood 
pressure occurred among the three treatments. Figure 32 illustrates the 


mean resting and recovery systolic blood pressure values for the three 
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MEAN RESTING AND RECOVERY SYSTOLIC BLOOD 
PRESSURE VALUES FOR THE THREE TREATMENTS 
Significant F's were obtained for time and session effects. 

Mean systolic blood pressure was significantly higher at rest than 
after fifteen minutes of recovery from exercise. The systolic blood 
pressure values obtained at rest could have been raised due to factors 
existing prior to beginning exercise (for example, pretension). Thus, 
the mean resting systolic blood Heeatie obtained may not be truly 
reflective of the resting value. Figure 33 illustrates the mean resting 


and recovery systolic blood pressure values, independent of treatment. 
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MEAN RESTING AND RECOVERY SYSTOLIC BLOOD 
PRESSURE VALUES INDEPENDENT OF TREATMENT 


A Scheffé test (Appendix A - Table 47) for session effects on 
systolic Bicca pressure showed that session one was significantly 
higher than session chess but there were no significant differences 
from session one to session two, or from session two to session three. 
Although a significant difference in systolic blood pressure from 
session one to session three was not expected, the specificity of 
training effects from cycling on the bicycle ergometer could have 
attributed to the significantly lower mean systolic blood pressure 
value for rest and recovery during session three as compared to session 


one. Figure 34 illustrates the mean resting and recovery systolic blood 


pressure values for the three sessions, independent of treatment. 
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FIGURE 34 
MEAN RESTING AND RECOVERY SYSTOLIC BLOOD 
PRESSURE VALUES FOR THE THREE SESSIONS 
RESTING AND RECOVERY DIASTOLIC BLOOD PRESSURE COMPARISONS 
The’ analysis of variance for resting and recovery diastolic 
blood pressure is summarized in Table 48 (Appendix A). No significant 
differences in mean resting and recovery diastolic blood pressure 
occurred among the three treatments. Figure 35 illustrates the mean 
resting and recovery Wacrodic blood pressure values for the three 


treatments. 
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MEAN RESTING AND RECOVERY DIASTOLIC BLOOD 
PRESSURE VALUES FOR THE THREE TREATMENTS 
Significant F's were obtained for session and timé effects. 
Mean diastolic blood pressure was significantly higher at rest than 
after fifteen minutes of recovery following exercise. Factors existing 
prior to exercise (for example, pretension) could have attributed to 
the higher mean diastolic blood pressure value obtained at rest. Thus, 
the mean resting diastolic blood pressure value obtained may not be 
truly indicative of the resting value. Figure 36 illustrates the mean 
resting and recovery diastolic blood pressure values, independent of 


treatment. 
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MEAN RESTING AND RECOVERY DIASTOLIC BLOOD 
PRESSURE VALUES INDEPENDENT OF TREATMENT 
A Scheffé test (Appendix A - Table 49) for session effects on 
diastolic blood pressure showed that session two was significantly 
higher than session nee but there were no significant differences 
from session one to session two or from session one to session three. 
Although a significant difference in diastolic blood pressure from 
session two to session three was not expected, it is possible that the 
specificity of training effects from cycling on the bicycle ergometer 
could have attributed to the significantly higher diastolic blood 
pressure value obtained during session two compared to session three. 
Figure 37 illustrates the mean resting and recovery diastolic blood 


pressure values for the three sessions, independent of treatment. 
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MEAN RESTING AND RECOVERY DIASTOLIC BLOOD 
PRESSURE VALUES FOR THE THREE SESSIONS 
RESTING AND RECOVERY OXYGEN UPTAKE COMPARISONS 
Table 50 (Appendix A) summarizes the analysis of variance for 
resting and recovery oxygen uptake. No significant differences occurred 
in mean resting and recovery oxygen uptake values among any of the 
three treatments. Figure 38 illustrates the mean resting and recovery 


oxygen uptake values for the three treatments. 
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MEAN RESTING AND RECOVERY OXYGEN UPTAKE 
VALUES FOR THE THREE TREATMENTS 
A significant F was reported for time effect. Oxygen uptake 
was significantly higher fifteen minutes following the end of exercise 
than at rest. Thus, oxygen uptake, independent of treatment, was 
significantly elevated fifteen minutes following the end of exercise 
as compared to the mean resting oxygen uptake value obtained prior to 
exercising. Thus, the oxygen debt accumulated during exercise was not 
repayed following fifteen minutes of recovery from exercise on the 
bicycle ergometer. Figure 39 illustrates the mean resting and recovery 


oxygen uptake values, independent of treatment. 
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398 


Nn 


4.43 


MEAN RESTING AND RECOVERY OXYGEN 
UPTAKE (ML./KG./MIN.) 
> 


RESTING OXYGEN UPTAKE RECOVERY OXYGEN UPTAKE 
TIME 
FIGURE 39 
MEAN RESTING AND RECOVERY OXYGEN UPTAKE 
VALUES INDEPENDENT OF TREATMENT 

SUMMARY OF THE COMPARISONS OF PARAMETERS MEASURED AT REST 
AND DURING THE FIFTEENTH MINUTE OF RECOVERY FROM EXERCISE 

Dextroamphetamine sulfate in the dose of 0.14 mg. per kilogram 
of body weight significantly affected mean resting and recovery heart 
rate. Heart rate was still significantly elevated following fifteen 
minutes of recovery from exercise on the bicycle ergometer as compared 
to resting heart rate. Also heart rate was significantly elevated to 
a greater extent during recovery from exercise following drug 
administration than naturally occurs following exercise. Mean resting 
and recovery systolic blood pressure, diastolic blood pressure, and 


oxygen uptake values were not significantly affected by the drug. 
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Independent of treatment, systolic and diastolic blood pressures were 
significantly higher at rest than after fifteen minutes of recovery 
following exercise on the bicycle ergometer. However, independent of 
treatment, oxygen uptake was significantly elevated following fifteen 
minutes of recovery from exercise as compared to oxygen uptake prior to 
exercising on the bicycle ergometer. 

The masking of physiological fatigue by dexedrine was supported 
by the significant resting and recovery heart rate value during drug 
administration. Although after fifteen minutes of recovery from 
exercise heart rate was still significantly elevated as compared to 
mean resting heart rate, independent of treatment, the drug caused the 
heart rate to remain significantly elevated to a greater extent than- 
the placebo and control treatments. The subjects during exercise were 
therefore placing themselves under a greater physiological strain 
with respect to heart rate than would have naturally occurred by 
exercise. Independent of treatment, fifteen minutes of recovery from 
exercise on the bicycle ergometer were not sufficient for heart rate to 
return to resting level. However, the drug would apparently delay even 
more the return of heart rate to the resting level. It would appear that 
this could be a potentially dangerous situation for the athlete. It is 
not logical to keep the heart rate elevated to a greater level and for 
a longer period of time than occurs naturally through exercise. 

The highest value reported for mean resting and recovery 
systolic blood pressure was during the drug treatment although this 
value was not significantly different from the control and placebo 
treatments. Independent of treatment, fifteen minutes of recovery from 


exercise was sufficient for systolic blood pressure to return to 
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resting level. This would be expected as systolic blood pressure drops 
rapidly after the cessation of exercise. 

The highest value reported for mean resting and recovery 
diastolic blood pressure occurred not during the drug treatment but 
during the control treatment. The drug appears not to have any effect 
on diastolic blood pressure. 

The highest value reported for mean resting and recovery 
oxygen uptake occurred during the drug treatment although this value 
was not significantly different from the control and placebo 
treatments. Independent of treatment, fifteen minutes of recovery from 
exercise was not sufficient time for oxygen uptake to return to resting 
level. 

SUMMARY OF THE PARAMETERS MEASURED AT REST, DURING EXERCISE 
AND DURING RECOVERY FROM EXERCISE 

The following summary was included as a synopsis of the 
summaries previously presented in the chapter on parameters measured at 
rest, during exercise, and during recovery from exercise. This summary 
will serve to assimilate some of the more salient points of the 
previous summaries. 

Dextroamphetamine Sulfate: dn the dose of 0.14 mg. per kilogram 
of body weight had no significant effects on heart rate, systolic or 
diastolic blood pressures, or oxygen uptake measured at rest; systolic 
or diastolic blood pressures, oxygen uptake, or ratings of perceived 
exertion measured at specific time intervals during exercise; or 
diastolic blood pressure measured during recovery from exercise. The 


drug administered had no significant effect on endurance performance 
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time on the bicycle ergometer. Significant drug effects were reported 
for heart rate measured during exercise and during recovery from 
exercise, and systolic blood pressure measured during recovery from 
exercise. Independent of treatment, heart rate was still significantly 
elevated following fifteen minutes of recovery from exercise as | 
compared to resting heart rate. However, the drug caused the heart 
rate to remain significantly elevated to a greater extent than the 
placebo and control treatments. Oxygen uptake measured during recovery 
from exercise was significantly different between the drug and control 
treatments but not between the drug and placebo treatments. Independent 
of treatment, oxygen uptake was significantly elevated following 
fifteen minutes of recovery from exercise as compared to oxygen uptake 
measured prior to exercising on the bicycle ergometer. 

The results reported for the parameters measured at rest could 
Be expected, as dexedrine exerts weak peripheral sympathomimetic effects 
(17, 19, 29, 33, 34, 45, 47). However, a larger drug dose than 0.14 mg. 
per kilogram of body weight could possibly cause significant effects on 
the physiological parameters measured at rest. 

The dominant action of dexedrine as a central nervous system 
stimulant is the masking of the physiological sense of fatigue (21, 30, 
33, 44, 45, 47, 52, 53). Thus, the potential exists for dexedrine to 
affect physical performance and physiological parameters, to a greater 
extent than would naturally occur from exercise, through a distortion 
of one's perception of exertion. It is apparent that dexedrine 
administration could be a potentially dangerous situation for the 
athlete as he may be strained beyond his natural physiological 


limitations. That is, although the sense of fatigue may be masked or 
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distorted, to varying degrees, the physiological fatigue is not 
abolished. 

The evidence that dexedrine did indeed mask the sense of 
fatigue during exercise was most noticeable in significant results 
reported for heart rate during exercise and during recovery from 
exercise following drug administration. During exercise and during 
recovery from exercise, heart rate was elevated to a greater extent 
than would naturally occur from exercise. Thus, the heart was being 
physiologically taxed to a greater extent than naturally occurs from 
exercise. It is not physiologically sound for the heart to be placed 
under a greater physiological strain than is either natural or 
necessary. 

Although significant results were not reported for most of the 
other parameters measured, the tendency existed from the results of 
some of the other parameters to lend support to the masking of the 
sense of fatigue by dexedrine. The highest value reported for systolic 
blood pressure during exercise and the lowest ratings of perceived 
exertion for the same work load occurred during drug administration. 
Although the subjects were being physiologically taxed with respect to 
heart rate and systolic blood pressure during exercise ta a greater 
extént under the drug treatment, the longest cycling time occurred 
during drug administration. Systolic blood pressure measured during 
fifteen minutes of recovery from exercise was significantly elevated 
following drug administration as compared to placebo and control 
treatments. However, systolic blood pressure was not higher after 
fifteen minutes of recovery from exercise than it was at rest. It 


appears that the drug kept systolic blood pressure elevated for ten 
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minutes following the end of exercise, but fifteen minutes was. 
sufficient time for systolic blood pressure to return to resting level. 

Results of a different nature were reported for queaeonie blood 
pressure and oxygen uptake measured during exercise and during recovery 
from exercise. It appears that dexedrine exerts no effect on diastolic 
blood pressure either during exercise or during recovery from exercise. 
The lowest oxygen uptake value measured during exercise occurred during 
the drug treatment. During recovery from exercise, the highest value 
for oxygen uptake was during the drug treatment, but it was only 
significantly different from the control treatment and not from the 
placebo treatment. It appears that dexedrine did not have a consistent 
effect on oxygen uptake during exercise and during recovery from 
exercise. 

The preceding discussion illustrates the fact that the 
tendency existed for dexedrine to mask or distort, to varying degrees, 
the perception of exertion and in doing so affect physical performance 
and physiological parameters. If the dose of the drug used was greater, 
it is possible that the masking of fatigue would have been more 
explicit, and thus, the sipeeda performance and physiological 


parameters measured may have been significantly affected. 
COMPARISON OF PREDICTED AND ACTUAL HEART RATES 


For the three testing sessions, the subjects cycled at 
predetermined constant work loads at 60 revolutions per minute. Minute 
by minute pedal revolutions were recorded for all subjects. At no time 
was the average number of revolutions per minute below 50. Minute by 


minute heart rates for each subject were also recorded. 
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Table 53 (Appendix I) lists the heart rates for the twelve 
subjects corresponding to 90% of the maximum heart rates attained during 
the preliminary test, and the heart rates recorded at the tenth minute 
of exercise for the control session. As can be seen from Table 53, the 
two heart rates for all but one subject are within + 12 beats; and for 
the one subject there is a fourteen beat difference. The results of a 
t-test (Appendix A - Table 51) showed no significant difference in the 
means for these two sets of heart rates. Thus, what was predicted as 
the heart rates from the preliminary testing session corresponded to 
the actual heart rates during the control testing session. Thus, the 
subjects were working at a heart rate corresponding to 90% of their 
maximum heart rates attained during the preliminary testing session on 
the progressive work load test. For comparison of predicted and actual 
heart rates, heart rate at the tenth minute of exercise during the 
control session was chosen as the exercise on the bicycle ergometer was 
of a relatively long duration, and ten minutes was felt to be a good 
time for indication of the levelling off of the heart rate at the 
predicted level. Only the heart rates during the control session could 
be compared with the predicted heart rates as the drug and placebo 


sessions contribute effects independent of exercise. 
COMPARISON OF END OF EXERCISE HEART RATES 


As each subject decided, for all testing sessions, the end 
point of exercise, the end of exercise heart rates was used as an 
indication of the degree to which the subjects exercised to fatigue. 
Only the end of exercise heart rates from the preliminary testing 


session and from the control session can be compared. The results from 
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the drug and placebo sessions are confounded with other inf luencing 
factors independent of exercise. Table 7 lists the maximum heart rates 
attained during the preliminary testing session, and the end of exercise 
heart rates attained during the control session. The two heart rates 

for eleven out of the twelve subjects were within nine beats of each 
other. In fact, identical heart rates were recorded for four of the 
subjects, three beats difference was recorded for one subject, six 
beats difference was recorded for one subject, seven beats difference 
was recorded for three subjects, eight beats difference was recorded 
for one subject, and nine beats difference was recorded for one subject. 
One subject had a difference of thirteen beats between the two heart 
rates - the end of exercise control session heart rate was thirteen 
beats lower than the end of exercise preliminary session heart rate. 

It appears that eleven out of the twelve subjects worked to Bia ne 
levels of individual fatigue for each testing session. One subject 
possibly stopped before he actually had to. However, as the control 
session was the final testing session for this particular subject, 

the specificity of training effects from cycling on the bicycle 
ergometer from the preliminary session to the final session could have 


attributed to the difference in the heart rates observed. 
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TABLE 7 


END OF EXERCISE HEART RATES 


Subject Number 


11 


12 
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(BEATS PER MINUTE) 


Preliminary Session Control Session 
£9 Abe Je) 
ys lige: 
180 180 
180 ila) 
184 187 
EoD Oy 
187 180 | 
180 180 
167 161 
1A: 164 
180 167 
187 180 


COMMENT ON THE DRUG ADMINISTERED 


It was apparent to the investigator only when two of the twelve 


subjects had been administered the drug. The general aura around them 


indicated that they had been administered the drug. Their attentiveness 


and interest for the task, that is, cycling at the constant work load, 


seemed to increase. For both subjects, their talkativeness to the 


investigator increased. It is interesting to note that both subjects 


went backwards on the rating scale of perceived exertion between certain 


time intervals during exercise. That is, the work appeared to become 
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easier as the time they were cycling became longer. It appears that 

at times during exercise the drug distorted the subjects’ perceptions 
of the actual work they were doing. No other effects were noticed with 
any of the other subjects. 

The subjects were asked to state at the end of the two testing 
sessions when they had been administered either the placebo or the drug, 
whether they thought they had received the placebo or the drug. Seven 
of the twelve subjects said they had received the placebo when in fact 
they had received the drug. Five of the subjects correctly stated when 
they had received the drug. However, the answers from eleven of the 
twelve subjects were nothing more than guesses. One subject by having 
previous experience with a similar drug knew when he had been given the 


drug. 
RESULTS OF URINE ANALYSIS 


Studies dealing with the effects of drugs on physiological, 
psychological, or physical performance parameters of humans very rarely 
include any method of determining if the drug being studied was, in 
fact, absorbed. It is Fiveen eatin that the drug being studied was 
absorbed. The gas-liquid chromatography used in this study for 
estimation of dextroamphetamine sulfate in urine provides more than 
pure assumption that the drug was absorbed. 

Table 8 provides the results of the analysis for estimating 
the amount of dexedrine in the urine. Figure 40 (Appendix H) 
illustrates a typical chromatograph resulting from the gas-liquid 
chromatography. Table 74 (Appendix K) provides the data for the volume 


of urine produced and the pH of the urine for each subject. As can be 
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observed from Table 8, measurable levels of dexedrine were found in the 
urine of four of the subjects, detectable levels in the urine of three 
of the subjects, and dexedrine was not detectable in the urine of four 
of the subjects. Urine analysis was not done for one subject. The fact 
that dexedrine was not detectable in the urine of four of the subjects 
means that the drug was not detectable with the method used; it does 
not mean that the dexedrine was not present. Also, as the assay for 
dexedrine was set up and calibrated in less than forty-eight hours, 
the results may be subject to more experimental error than usual. 
However, one can still be sure that dexedrine was present, but the 
estimates of the amount could be in error by + 20%. However, the 
primary purpose was to determine if any of the drug had been absorbed 


and not the quantity of the drug abosrbed. 
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The excretion of dexedrine is largely dependent on urinary pH. 
In an acidic urine larger quantities of dexedrine are excreted than in 
an alkaline urine. As urinary pH becomes more alkaline, the ratio of 
unionized to ionized amphetamine in the intraluminar fluid of the 
tubules increases relative to that in the plasma. This results in more 
of the drug being reabsorbed and thus reducing the excretion rate. At 
a pH of 6.0 - 7.0 renal clearance is lower, and there is substantial 
reabsorption of dexedrine (71). The urinary pH's of the subjects tested 
in this study ranged from 5.8 to 7.0. With this in mind, it was not 
surprising that dexedrine was not detectable in all of the subjects. Not 
controlling for urinary pH, and still observing dexedrine levels in 
seven out of the eleven subjects is noteworthy. The urinary pH's of the 
subjects in whom dexedrine was not detectable were 6.0, 6.2, 6.7, and 
7.0. These pH values, especially 6.7 and 7.0, could possibly explain the 
reason for: not detecting dexedrine with the method used. 

Although it is important to know if the drug being studied was 
absorbed, it becomes of more value to know precisely how much of the 
drug was absorbed to have potential effect during the time when the 
parameters studied were tested. It then becomes essential to know the 
blood concentration of the drug being studied. Sophisticated studies 
dealing with drugs should include as standard procedures the taking of 
urine samples and blood samples for precision in determining the 
absorption of the drug being studied. Results obtained on the parameters 
being investigated can be more meaningfully discussed if exact amounts 
of drug absorption and potential effectiveness of the drug being 


studied are known. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
SUMMARY 


The purpose of this study was to investigate the effects of 
dextroamphetamine sulfate on selected physiological, psychological, and 
physical performance parameters of male athletes in the noncompetitive 
season. A sample of twelve volunteer male athletes ranging in age from 
18 to 33 years participated in the study. Each subject received 0.14 
mg. per kilogram of body weight of dextroamphetamine sulfate in a 
solution of eight ounces of orange juice. 

All subjects completed a preliminary session to determine 
maximum heart rates and corresponding work loads on a progressively 
increased work load test on the bicycle ergometer. From the results of 
this test, work loads corresponding to 90% of the subjects’ maximum 
heart rates attained during the test were determined. These work loads 
were used for the next three testing sessions. 

For the three testing sessions, each subject completed the 
test protocol once without taking either dextroamphetamine sulfate or 
the placebo, once after being administered the drug, and once after 
being administered the placebo. The order in which the subjects 
received the three treatments was determined by the standard form of 
a 3 x 3 Latin square design. Both the drug and the placebo were 
administered double blind one-half hour prior to exercise. 

Resting measurements of heart rate, systolic and diastolic blood 


pressures, and oxygen uptake were taken one-half hour after reporting 
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to the laboratory. Endurance performance time on the bicycle ergometer 
at the predetermined constant work loads was measured. Heart rate, 
systolic and diastolic blood pressures, oxygen uptake, and ratings of 
perceived exertion were measured at specific time intervals during 
exercise. Recovery measurements of heart rate, systolic and diastolic 
blood pressurés, and oxygen uptake were taken five, ten, and fifteen 
minutes following the end of exercise. 

Dextroamphetamine sulfate in the dose of 0.14 mg. per kilogram 
of body weight had no significant effects on heart rate, systolic or 
diastolic blood pressures, or oxygen uptake measured at rest. The drug 
administered had no significant effect on endurance performance time on 
the bicycle ergometer. Systolic and diastolic blood pressures, oxygen 
uptake, and ratings of perceived exertion measured during exercise were 
not significantly affected by the administration of the drug. Heart 
rate was the only parameter measured during exercise that was 
significantly affected by the administration of dextroamphetamine 
sulfate. Diastolic blood pressure measured during recovery from 
exercise was not significantly affected by the administration a: the 
drug. Significant drug effects were reported for both heart rate and 
systolic blood pressure measured during fifteen minutes of recovery 
from exercise. Independent of treatment, heart rate was still 
significantly elevated following fifteen minutes of recovery from 
exercise as compared to resting heart rate. However, the drug caused 
heart rate to remain significantly elevated to a greater extent than 
the placebo and control treatments. Oxygen uptake measured during 
recovery from exercise was significantly different between the drug and 


control treatments but not between the drug and placebo treatments. 
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Independent of treatment, oxygen uptake was significantly elevated 
following fifteen minutes of recovery from exercise as compared to 


oxygen uptake measured prior to exercising on the bicycle ergometer. 
CONCLUSIONS 


The following conclusions are made with respect to the 
hypotheses originally drawn: 

1) There was no significant difference in heart rate at rest one-half 
hour after being administered 0.14 mg. per kilogram of body weight 
of dextroamphetamine sulfate. 

2) There was no significant difference in systolic blood pressure at 
rest one-half hour after being administered 0.14 mg. per kilogram 
of body weight of dextroamphetamine sulfate. 

3) There was no significant difference in diastolic blood pressure at 
at rest ‘One-half hour after being administered 0.14 mg. per ek 
of body weight of dextroamphetamine sulfate. 

4) There was no significant difference in oxygen uptake at rest one-half 
hour after being administered 0.14 mg. per kilogram of body weight 
of dextroamphetamine owitaeel 

5) There was a significant difference in heart rate during exercise 
after being administered 0.14 mg. per kilogram of body weight of 
dextroamphetamine sulfate. 

6) There was no significant difference in systolic blood pressure 
during exercise after being administered 0.14 mg. per kilogram of 


body weight of dextroamphetamine sulfate. 
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There was no significant difference in diastolic blood pressure 
during exercise after being administered 0.14 mg. per kilogram of 
body weight of dextroamphetamine sulfate. 

There was no significant difference in oxygen uptake during exercise 
after being administered 0.14 mg. per.kilogram of body weight of 
dextroamphetamine sulfate. 

There was a significant difference in heart rate during recovery from 
exercise after being administered 0.14 mg. per kilogram of body 
weight of dextroamphetamine sulfate. 

There was a significant difference in systolic blood pressure during 
recovery from exercise after being administered 0.14 mg. per kilogram 
of body weight of dextroamphetamine sulfate. 

There was no significant difference in diastolic blood pressure 
during recovery from exercise after being administered 0.14 mg. per 
kilogram.of body weight of dextroamphetamine sulfate. 

There was a significant difference in oxygen uptake during recovery 
from exercise after being administered 0.14 mg. per kilogram of body 
weight of dextroamphetamine sulfate. However, this difference was 
only between the drug and control treatments and not between the 
drug and placebo treatments. 

There was no significant difference in endurance performance time on 
the bicycle ergometer after being administered 0.14 mg. per kilogram 
of body weight of dextroamphetamine sulfate. 

There was no significant difference in ratings of perceived exertion 
during exercise on the bicycle ergometer after being administered 


0.14 mg. per kilogram of body weight of dextroamphetamine sulfate. 
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APPENDIX A - STATISTICAL ANALYSES OF THE DATA 


TABLE 9 


ANALYSIS OF VARIANCE FOR AGE VALUES 


Source of Sum of Degrees of Mean F Ratio 
Variation Squares Freedom Square 
Groups SZ oh Z 16.05 1.05 
Error 137.02 9 15922 


A F of 4.26 was required for significance at the 0.05 level. 


TABLE 10 


ANALYSIS OF VARIANCE FOR HEIGHT VALUES 


Source of Sum of Degrees of Mean F Ratio 
Variation Squares Freedom Square 

Groups 41.88 Z 20.94 0.27 
Error VOTe2>: 9 78.58 


A F of 4.26 was required for significance at the 0.05 level. 


TABLE 11 


ANALYSIS OF VARIANCE FOR WEIGHT VALUES 


Source of Sum of Degrees of Mean F Ratio 
Variation Squares Freedom Square 

Groups 30F..25 2 150.63 Sisto 
Error 361.56 9 40.17 


A F of 4.26 was required for significance at the 0.05 level. 
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TABLE 12 


ANALYSIS OF VARIANCE FOR MAXIMUM HEART RATE VALUES 


Source of Sum of Degrees of Mean F Ratio 
Variation Squares Freedom Square 

Groups 190.50 2 go 320 1.42 
Error 6035/5 9 67.08 


A F of 4.26 was required for significance at the 0.05 level. 


TABLE 13 


ANALYSIS OF VARIANCE FOR HEART RATE VALUES AT REST 


Source of Variation Sum of Degrees of Mean F Ratio © 
Squares Freedom Square 


Between Subjects 


Groups 86.05 Zz 43.02 
Subjects w.' Groups 1115.187 9 123,91 
Within Subjects 
A (Session) - 30.69 2 foo 0.89 
B (Treatment) 235/72 2 11.86 0.69 
(AB)' (Session x 
Treatment) 50.39 2 Boe20 1.46 


Error (Within) 309.81 18 Lie24 


A F of 3.55 was required for significance at the 0.05 level. 
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TABLE 14 


ANALYSIS OF VARIANCE FOR SYSTOLIC 
BLOOD PRESSURE VALUES AT REST 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 39.00 2 Lon 
Subjects w. Groups 791.69 9 S/.9/ 
Within Subjects 

A (Session) PAT PAWS) Z 1356.38 Dig ths 
B (Treatment) T2250 2 B6a2D O74 
(AB)' (Session x 

Treatment) 38.81 2 19.41 0.40 
Error (Within) 883.313 18 49.07 


A F of 3.55 was required for significance at the 0.05 level. 
TABLE 15 


ANALYSIS OF VARIANCE FOR DIASTOLIC 
BLOOD PRESSURE VALUES AT REST 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 438.89 2 219.45 
Subjects w. Groups 325.00 9 36,10 
Within Subjects 

A (Session) 88.88 2 44.44 She rA 9) 
B (Treatment) 38.89 2 19.45 1.40 
(AB)' (Session x 

Treatment) 88.86 2 44.43 3220 
Error (Within) 250.00 18 13.89 


A F of 3.55 was required for significance at the 0.05 level. 
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TABLE 16 


ANALYSIS OF VARIANCE FOR OXYGEN UPTAKE VALUES AT REST 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 4.76 2 2238 
Subjects w. Groups S124 9 ae ay 
Within Subjects 
A (Session) 0.84 2 0.42 073838 
B (Treatment) O13 2 0.07 O05 
(AB)' (Session x 
Treatment) 3.40 2 1.70 Is S) 
Error (Within) 23525 18 1.29 


A F of 3.55 was required for significance at the 0.05 level. 


TABLE 17 


ANALYSIS OF VARIANCE FOR ENDURANCE PERFORMANCE TIME 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 151535 2 USES 
Subjects w. Groups 5068.5 9 563.17 
Within Subjects 
A (Session) 468.49 2 234,25 4.68% 
B (Treatment ) 216.50 2 103.25 DEG 
(AB)' (Session x 
Treatment) 186.0 Z 93.00 1.86 
Error (Within) 900.99 18 50.06 


A F of 3.55 was required for significance at the 0.05 level. 
* Significant at the 0.05 level 
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SCHEFFE TEST FOR SESSION MEANS 
FOR ENDURANCE PERFORMANCE TIME 


TABLE 18 


tS 


Session l 


25.50 
2500 


Session 2 


Za075 


PALES [5 


Session 3 


Mean Difference 


0. 7) 
Tis2io 
8.00% 


A Mean Difference of 7.77 was required for significance at the 0.05 


level. 


* Significant at the 0.05 level 


TABLE 19 


ANALYSIS OF VARIANCE FOR HEART RATE VALUES DURING EXERCISE 


Source of Variation 


Between Subjects 
Groups 

Subjects w. Groups 
Within Subjects 

A (Session) 

B (Treatment) 
(AB) ' 

Res. 1 (B x Subj. 
w. Groups) 

C (Time) 

C x Groups 

Res. 2 (SS, x 
Subj. w. Groups) 
AC 

BC 

(AB')C 

Res. 3 (SSA 5. x 
Subj. w. Groups) 


Sum of Degrees of 
Squares Freedom 
3E7 05,0 2 
2565120 9 
147.0 2 
S750 2 
49)0- Z 
208.0 18 
2324.0 1 
61.0 2 
435.0 S) 
73.0 pd 
UORW Z 
20.0 Z 
Pay ie) 18 


F Ratio 


(=) 


- 68% 
. 38% 


2% 


F's of 3.20 (DF of 2, 45) and 4.05 (DF of 1, 45) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 
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TABLE 20 


SCHEFFE TEST FOR TREATMENT MEANS FOR 
HEART RATE DURING EXERCISE 


Treatment l Treatment 2 Treatment 3 Mean Difference 
171.33 176.83 5.50* 
171.33 WS 221 1.80 

176.83 Lisv2e 3.62% 


A Mean Difference of 3.20 was required for significance at the 0.05 
level. 


* Significant at the 0.05 level 
TABLE 21 


SCHEFFE TEST FOR SESSION MEANS FOR 
HEART RATE DURING EXERCISE 


Session 1 Session 2 Session 3 Mean Difference 
175.46 W392 1.54 
175.46 £72.00 3.46% 

173.92 172.00 1.92 


A Mean Difference of 3.20 was required for significance at the 0.05 
level. 


* Significant at the 0.05 level 


Rd Wis |e 


a a tele 


re oe) ~ ~* 


$5trraysi2 fu ad 
Kes 
OB 
ed 


ed 
ee <b prancing 


 €0.0 ads oe sono tng ta ae 


yprie4 BAgG aga ae “se 
obey! : 
ean fF, = 
eet 
F020 stld te sone aga we botsapes ae og a Tt cacuanl 
Za "aakb20.0 it oq. pmnotl 
ne F } 2 Pe \ 4 Pi re Ve 
- a o> "4 : a ian! ry 
aes ve 7 a a Se ide ra a 
x : 3 . i or » ay oa) 
# 4 ‘ ' ve : 
, ‘ é if aa : 
x y } an ¢ i y ) ; 
J q ie ‘ ‘ : 
. = 4 - i : Hi 


i235 


TABLE 22 


ANALYSIS OF VARIANCE FOR SYSTOLIC BLOOD 
PRESSURE VALUES DURING EXERCISE 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 2953.0 2 1476.5 
Subjects w. Groups 6320.0 9 706. 89 
Within Subjects 
A (Session) 140.0 2 70.0 Os57 
B (Treatment) 636.0 2 318.0 257 
(AB) ' 82.0 2 fe ler) Ooo 
Res. 1 (B x Subj. 
w. Groups) 3376.0 18 187.56 
C (Time) 401.0 1 401.0 3.24 
C x Groups ZO Z LO 0.008 
Res. 2 (SS, x 
Subj. w. Groups) 1047.0 9 M6735 
AC 1.0 2 0.5 0.004 
BC 102.0 2 5120 0.41 
(AB)C' 25760 2 12oro 1.04 
Res. 3 (SS5¢ x 
Subj. w. Groups) 1140.0 18 63233 


F's of 3.20 (DF of 2, 45) and 4.05 (DF of 1, 45) were required for 
significance at the 0.05 level. 
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TABLE 23 


ANALYSIS OF VARIANCHE FOR DIASTOLIC BLOOD 
PRESSURE VALUES DURING EXERCISE 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 1536523 2 768.06 

Subjects w. Groups 758.38 9 84.26 
Within Subjects 

A (Session) 269.44 2 134.72 5.09% 
B (Treatment) S26 ou 2 26.41 1.00 
(AB) ' gO Z SEW Ie) 5.87% 
Resco i i(8; x Subj. 

w. Groups) 866.63 18 48.15 

C (Time) 50.00 i 50.00 1.89 
C x Groups 8.38 2 4.19 0.16 
Ress 2 i0SS.. x 

Subj. w. Groups) 108.25 9 12203 

AC 8.25 Z 4e13 O26 
BC Bak 2 4.16 0.16 
(AB')C 0.06 2 0.03 0.001 
Res. 3 (SS pe 

Subj. w. Groups) 216.75 18 12.04 


F's of 3.20 (DF of 2, 45): and 4.05 (DF of 1, 45) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 24 


SCHEFFE TEST FOR SESSION MEANS FOR DIASTOLIC 
BLOOD PRESSURE DURING EXERCISE 


Session l Session 2 Session 3 Mean Difference 
54.58 57.92 3234 
54.58 5) 3h SYA 24. 
57.92 53.34 4.58% 


A Mean Difference of 3.68 was required for significance at the 0.05 


level. 
* Significant at the 0.05 level 
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TABLE 26 


ANALYSIS OF VARIANCE FOR OXYGEN UPTAKE 
VALUES DURING EXERCISE 


Source of Variation 


Between Subjects 
Groups 

Subjects w. Groups 
Within Subjects 

A (Session) 

B (Treatment) 
(AB) ' 

Res. 1 (B x Subj. 
w. Groups) 

C (Time) 

C x Groups 

RES. 2 (S52) x 
Subj. w. Groups) 
AC 

BC 

(AB')C 

Res. 3 (SS x 
Subj. w. Groups) 


Sum of 
Squares 


922.19 
232.00 


274.38 
255.81 
238.50 


446.0 
262.69 
56.31 


781.56 
38.06 
4.25 
60.00 


637.44 


Fis of 3.20 (DF of 2, 45) and 4 
significance at the 0.05 level. 
* Significant at the 0.05 level 


Degrees of 
Freedom 


BN NM wo 


18 


35. 


41 


129 


F Ratio 


21% 
-00 


bo Ww 


6.15% 
0.66 


0.45 
0.05 


-05 (DF of 1, 45) were required for 


TABLE 27 


SCHEFFE TEST FOR SESSION MEANS FOR 
OXYGEN UPTAKE DURING EXERCISE 


Session 1 


45.06 
45.06 


Session 2 


44.10 


44.10 


Session 3 


40.52 
40.52 


Mean Difference 


0.96 
4.54% 
3.58 


A Mean Difference of 4.08 was required for significance at the 0.10 


level. 


* Significant at the 0.10 level 
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TABLE 28 


ANALYSIS OF VARIANCE FOR PERCEIVED EXERTION 
VALUES DURING EXERCISE 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 0.46 2 Oe 23 

Subjects w. Groups 94.30 9 10.48 
Within Subjects 

A (Session) 0.13 2 0.66 0.43 
B (Treatment) acpi 2 2.29 1.48 
(AB)' 3.02 2 iso 0.97 
Res. 1 (B x Subj. 

w. Groups) 33 «GL 18 psy) 

C (Time) 622.35 2. 306.18 197.54% 
C x Groups 20. 37 4 5.09 3.28% 
Res. 2 (SS. x 

Subj. w. Groups) 59.28 18 3.29 

AC 0.86 4 O2e. 0.14 
BC Jena 4 1.82 17 
(AB')C 2.66 4 0.67 0.43 
Res. 3 (SS x 

Subj. w. Groups) 13.56 36 OF 52 


F's of 3.13 (DF of 2, 72) and 2.50 (DF of 4, 72) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 29 


SCHEFFE TEST FOR TIME MEANS FOR PERCEIVED 
EXERTION DURING EXERCISE 


Time 1 Time 2 Time 3 Mean Difference 

13303 15.06 2.03% 

13203 18.78 Sy / su: 
S06 18.78 Bie 


A Mean Difference of 0.76 was required for significance at the 0.05 


level. 
* Significant at the 0.05 level 
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TABLE 31 


ANALYSIS OF VARIANCE FOR HEART RATE VALUES 
_ DURING RECOVERY FROM EXERCISE 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 1464.0 2 UBV2Y) 

Subjects w. Groups 4448.0 9 494.22 
Within Subjects 

A (Session) 116.0 Z 58.0 106 
B (Treatment) 3152.0 2 576190 28.92% 
(AB)' 13380 2 66.50 Ve 22 
Res. 1 (B x Subj. 

w. Groups) 1384.0 18 76.89 

C (Time) 1793.0 DZ 896.50 16.45% 
C x Groups 430.0 4 107.50 ey 
Res.. 2 (SS x 

Subj. w. Groups) 1350.0 18 75.00 

AC 215'..0 4 a3e/ 3 0.99 
BC 1730 4 HOES 0.79 
(AB')C 80.0 4 20.00 0.37 
Kes. 3 (os x 


Subj. w. Groups) 1189.0 36 BS. 


F's of 3.13 CF of 2, 72) and 2.50 @F of 4, 72) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 32 


SCHEFFE TEST FOR TREATMENT MEANS FOR HEART RATE 
DURING RECOVERY FROM EXERCISE 


Treatment 1 Treatment 2 Treatment 3 Mean Difference 
100.139 i750 LAR OMe 
100.139 100.444 Oe oul 

750 100.444 gis Mies 


A Mean Difference of 4.52 was required for significance at the 0.05 
level. 
* Significant at the 0.05 level 
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TABLE 33 


SCHEFFE TEST FOR TIME MEANS FOR HEART RATE 
DURING RECOVERY FROM EXERCISE 


Time 1 


108,97 
108.97 


Time 


104. 


104. 


2 


36 


36 


Time 3 


99.00 
99.00 
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Mean Difference 


4.61% 
9. Dix 
5. 36% 


A Mean Difference of 4.52 was required for significance at the 0.05 


level. 


* Significant at the 0.05 level 


TABLE 34 


ANALYSIS OF VARIANCE FOR SYSTOLIC BLOOD PRESSURE 
' VALUES DURING RECOVERY FROM EXERCISE 


Source of Variation 


Between Subjects 
Groups 

Subjects w. Groups 
Within Subjects 

A (Session) 

B (Treatment) 
(AB)' 

Rés., 1 CB x Subj. 
w. Groups) 

C (Time) 

C x Groups 

Res. 2. (SS. x 
Subj. w. Groups) 
AC 

BC 

(AB')C 

Res. 3 (SS X 
Subj. w. Groups) 


Sum of Degrees of 
Squares Freedom 
505.0 2 
1828.0 9 
1006.0 2 
705.0 2 
149.0 2 
2007.0 18 
2600.0 2 
44.0 4 
823.0 18 
260.0 4 
E270 4 
2/4.0 4 
942.0 36 


Mean 
Square 


252.50 
203%. La 


503.0 
352.50 
74.50 


CEO 
1300.00 
11.00 


5c 72 
65.00 
Serio 
67.75 


Z6,. Ly 


F Ratio 


9.60% 
6.73% 
1.42 


24.81% 
0.21 


1.24 
0.61 


PF scof 3.135. (DF of 2, 72) and 2.50 (DF of 4, /2)\were required. for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


a nd 
ree 
sr OA EE DR RE ER A 


sonaryeti Ya nhoM 


es = 
a me — een arts ply i i an en aon Ceram: 
fe 
' ? 


: a! ae ; = : 
#52). a | - ff she rm 
He. € _ Gore? 


ne oe Se Ne ets tee See Sem AS Taha. ae 


: a 


Phy! aniivesige oe 


ve.  ASTOMAREA MG 
aS Se 


OL3BR. A : sat ocee 
or , Steuvae a 


a eo ote Se 


4 


‘oeiSae 
= “ite <, 
aie. 70! ge £98 
etc .s 0d Ren" 
eA » i. Oe ‘ ay, 


as De, PLE 
KA NS AO SHORE” 
‘£80 OQadd © 


or s er SN eee : O.ES zs) 
a eae eT @.. Gas Lay 


:: fe.0) : ri Vere : iy % \ . Seas | . a Dae ive 
ee oe ea Nd Ay. De is nO A Se ae 
; | 1 iad ; lad £ Pel pam 

Shs 08) 2) AG ee tae! 65) sal 


: rR cere maga a - - a ea : wS - 
ae = oy saa tn ll eg ": i = 


7 fits ‘$03 bsrki9s) sx8u (SK f etwas a ‘bus (st s ‘te 4a)’ fre Xo arid ty A 
; : v + foeet eo. 6 tis 38 soneobitaghs: i‘ ‘ J 


ra ‘ ie et) 
Pade paved an O saxb: bi eee Siva 
Yee e- 2 4 shake 


135 


TABLE 35 


SCHEFFE TEST FOR TREATMENT MEANS FOR SYSTOLIC BLOOD 
PRESSURE DURING RECOVERY FROM EXERCISE 


Treatment 1 Treatment 2 Treatment 3 Mean Difference 
120.28 12585 Sasa 
L20528 120.56 0.28 

AAS) 51633: DZ20056 5.27% 


A Mean Difference of 4.44 was required for significance at the 0.05 
level. 


* Significant at the 0.05 level 
TABLE 36 


SCHEFFE TEST FOR TIME MEANS FOR SYSTOLIC BLOOD 
PRESSURE DURING RECOVERY FROM EXERCISE 


Time 1 Time 2 Time 3 Mean Difference 

128.89 IAs BXe 8.33% 

128.89 WALA AP 11.67% 
120.56 eel, 3.34% 


A Mean Difference of 4.44 was required for significance at the 0.05 
level. ’ 
* Significant at the 0.05 level 
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TABLE 37 


SCHEFFE TEST FOR SESSION MEANS FOR SYSTOLIC BLOOD 
PRESSURE DURING RECOVERY FROM EXERCISE 


Session 1 Session 2 Session 3 Mean Difference 
1237433 125,028 1595 
123.33 118.06 4.73% 

UAE 2248! 118.06 We Cok 


A Mean Difference of 4.44 was required for significance at the 0.05 
level. 
* Significant at the 0.05 level 

TABLE 38 


ANALYSIS OF VARIANCE FOR DIASTOLIC BLOOD PRESSURE 
VALUES DURING RECOVERY FROM EXERCISE 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 1096.31 2 548.16 

Subjects w. Groups 936.13 ©) 104.01 
Within Subjects 

A (Session) S559 2 67.59 2,05 
B (Treatment) 57.44 2 28e72 sha 
(AB) ' 24.06 2 12.03 0.47 
Res. 1 (B x Subj. 

w. Groups) [Bree chain Bees) LS NE be 

C (Time) 24S ms 12.06 0.47 
C x Groups HO e25 4 LAS 81 0.58 
Res. 2>(SS, x 

Subj. w. Groups) 405.50 18 2269 

AC 86.94 4 AMES) Upste 3) 
BC 131.44 4 32.86 T29 
(AB')C 64.94 4 16.24 0.64 
Res. 34 (SS x 

Subj. w. Groups) 694.50 36 19.29 


F's of 3.13 (DF of 2, 72) and 2.50 (DF of 4, 72) were required for 
significance at the 0.05 level. 
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ANALYSIS OF VARIANCE FOR OXYGEN UPTAKE VALUES 
DURING RECOVERY FROM EXERCISE 


Source of Variation 


Between Subjects 
Groups 

Subjects w. Groups 
Within Subjects 

A (Session) 

B (Treatment) 
(AB) ' 

Res. 1) (Bx Sub]. 
w. Groups) 

C (Time) 

C x Groups 

Res, 2. tSSRi & 
Subj. w. Groups) 
AC 

BC 

(AB')C 

Res. 3 (SS x 
Subj. w. Groups) 


TABLE 39 


Sum of Degrees of 
Squares 
2.08 Z 
41.72 9 
TSL 2 
14.44 2 
1.96 Z 
21629 18 
30.72 2 
4.29 4 
10.64 18 
23 4 
3265 4 
0.98 4 
30.19 36 


Freedom 


Mean 


Square 
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F Ratio 


4.37% 
8.40% 
1.14 


17.86% 
Te 


0.67 
1 ies 4 


F's of 3.13 (DF of 2, 72) and 2.50 (F of 4,,/2) were required :for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 40 


SCHEFFE TEST FOR TREATMENT MEANS FOR OXYGEN 
UPTAKE DURING RECOVERY FROM EXERCISE 


Treatment 1 


een 
De od 


Treatment 2 


6.38 


6.38 


Treatment 3 


Mean Difference 


0.87% 
0.64% 
0223 


A Mean Difference of 0.57 was required for significance at the 0.05 


level. 


* Significant at the 0.05 level 
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TABLE 41 


SCHEFFE TEST FOR TIME MEANS FOR OXYGEN UPTAKE 
DURING RECOVERY FROM EXERCISE 


Time 1 Time 2 Time 3 Mean Difference 
(ae /7/ 5.69 1.08%* 
6.77 Da aks} 1.19% 
5.69 535 Sys! Ondel 


A Mean Difference of 0.57 was required for significance at the 0.05 
level. 


* Significant at the 0.05 level 
TABLE 42 


SCHEFFE TEST FOR SESSION MEANS FOR OXYGEN UPTAKE 
DURING RECOVERY FROM EXERCISE 


Session 1 Session 2 Session 3 Mean Difference 
5.84 6.39 0255 
5.84 Bate 0.02 
6.39 5.82 Os 


A Mean Difference of 0.57 was required for significance at the 0.05 
level. ; 
* Significant at the 0.05 level 
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TABLE 43 


ANALYSIS OF VARIANCE FOR RESTING AND FIFTEENTH 
MINUTE OF RECOVERY HEART RATE VALUES 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 646.25 Z 323-15 

Subjects w. Groups 2500.75 9 277.86 
Within Subjects 

A (Session) 67.19 2 33%.59 1.03 
B (Treatment) 565513 2 281.56 8.64% 
(AB)' 107.69 2 FIeoD 1.65 
Res. 12°(B x¢Sub4. 

w. Groups) 502.00 18 27.69 

C (Time) 27456.0 He 27456.0 842.73% 
C x Groups 199. 38 Z 99.69 3.06 
Res. 2 (SS, x 

Subj. w. Groups) 440.94 9 48.99 

AC 2/5398 2 13.69 0.42 
BC 284.19 2 142.09 > 16.36% 
(AB')C 53.81 2 26.91 0.83 
Res. 3 (SS50 x 

Subj. w. Groups) SPM! 18 29.07 


F's of 3.20 (DF of 2, 45): and 4.05 (DF of 1, 45) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 44 


SCHEFFE TEST FOR TREATMENT MEANS FOR RESTING AND 
FIFTEENTH MINUTE OF RECOVERY HEART RATES 


Treatment 1 Treatment 2 Treatment 3 Mean Difference 
PUES 83.42 5.67% 
UUCUS YU SAS 0.50 

83.42 WH ees: 6.17% 


A Mean Difference of 4.08 was required for significance at the 0.05 
level. 
* Significant at the 0.05 level 
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TABLE 46 


ANALYSIS OF VARIANCE FOR RESTING AND FIFTEENTH MINUTE 
OF RECOVERY SYSTOLIC BLOOD PRESSURE VALUES 


Source of Variation 


Between Subjects 
Groups 

Subjects w. Groups 
Within Subjects 

A (Session) 

B (Treatment) 
(AB) ' 

Res. 1 (B x Subj. 
w. Groups) 

C (Time) 

C x Groups 

Res... 2 (SS. x 
Subj. w. Groups) 
AC 

BC 

(AB')C 

Res. 3 (SS x 
Subj. w. Groups) 


Sum of 
Squares 


174.88 
896.0 


435x413 
132.88 
7.18 


7195555 
168.0 
136.3 


345.69 
LFS 
78631 
69.50 


542.13 


F's of 3.20 (DF cf 2, 45) and 4 
significance at the 0.05 level. 
* Significant at the 0.05 level 


Degrees of Mean F Ratio 
Freedom Square 

2 87.44 

9 997.56 

D ZAs EO 5.83% 
2 66.44 IS ers) 
2 3.259 0.10 
18 43.97 

a: 168.0 4.50* 
2 68.16 1... oo 
5) 38.41 

2 5.56 O.05 
2 39.16 1.05 
Z 34.75 0.93 
18 30.19 


JO] (DF of 1, 45) 


TABLE 47 


were required for 


SCHEFFE TEST FOR SESSION MEANS FOR RESTING AND FIFTEENTH 
MINUTE OF RECOVERY SYSTOLIC BLOOD PRESSURES 


Session 1 


121.25 
121.25 


Session 2 


119.538 


119.58 


Session 3 


115.92 
115.92 
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Mean Difference 


b.67 
5.33* 
3.66 


A Mean Difference of 4.37 was required for significance at the 0.05 


level. 


* Significant at the 0.05 level 
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TABLE 48 


ANALYSIS OF VARIANCE FOR RESTING AND FIFTEENTH MINUTE 
' OF RECOVERY DIASTOLIC BLOOD PRESSURE VALUES 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 686.13 2 343.06 
Subjects w. Groups 57520 9 63.89 
Within Subjects 
A (Session) 144.44 2 J2e22 3.72% 
B (Treatment) T1768 2 38.91 2.00 
(AB) ' 86.12 2 43.06 Vig yg) 
Res; 1 (B. x Subj. 
w. Groups) 525.50 18 29817 
C (Time) 88.94 1 88.94 4.58% 
C x Groups 19.44 2 9272 0.50 
Rés. 2 (SS, x 
Subj. w. Groups) 91.63 9 10.18 
AC 11.00 2 5350 0.28 
BC 11.06 Z 5e53 OF25 
(AB")C 19.56 2 9.78 0.50 
Res. 3 (SS, x 
Subj. w. Groups) 258. 38 18 14335 


F's: of 3.20 (DF of 2, 45) and 4.05 (DF of 1, 45) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 49 


SCHEFFE TEST FOR SESSION MEANS FCR RESTING AND FIFTEENTH 
MINUTE OF RECOVERY DIASTOLIC BLOOD PRESSURES 


Session 1 Session 2 Session 3 Mean Difference 
55.84 56.67 0.83 
Byeiq tek SSG Svh DX 
56.67 5) 3}y ah 3.33% 


A Mean Difference of 3.15 was required for significance at the 0.05 


level. 
* Significant at the 0.05 level 
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TABLE 50 


ANALYSIS OF VARIANCE FOR RESTING AND FIFTEENTH 
‘MINUTE OF RECOVERY OXYGEN UPTAKE VALUES 


Source of Variation Sum of Degrees of Mean F Ratio 
Squares Freedom Square 


Between Subjects 


Groups 2.30 Z Uae ils: 
Subjects w. Groups 43.85 9 4.87 

Within Subjects 
A (session) 4.42 2 22d 1.89 
B (Treatment) 2.26 2 WE AAES) 0.97 
(AB) ' 2.26 2 1 i) 0.97 
Res. 1 (B x Subj. 
w. Groups) 25.00 18 P39 
C (Time) 24.01 il 2arOL 20.52% 
C x Groups de Z 2.60 Dene 


Res. 2 (SS, x 


Subj. w. Groups) 3.70 9 0.97 

AC 0.415 2 0.075 0.06 
BC ISIE, 2 ues yg 1.00 
(AB')C O253 Z O27 OFZ 
Res. 3 (SS x 


Subj. w. Groups) 19.0 18 1.06 


F's of 3.20 (DF of 2, 45) and 4.05 (DF of 1, 45) were required for 
significance at the 0.05 level. 
* Significant at the 0.05 level 


TABLE 51 


T-TEST FOR PREDICTED AND ACTUAL HEART RATES 


Means Standard Deviations T Value for Means 
G3). 617 eaa: 4.748 
165.42 ibis -* 


A T of 2.20 was required for significance at the 0.05 level. 
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APPENDIX B 


APL PROGRAM FOR COMPUTING PREDICTED WORK LOADS 


@PWL 

Y€ Wx6xP 

SH@Hx0.9 

SXYe +/(XxY) 

SXSY¢- (+/X)x(+/Y) 

Ne ~X 

SXS4=+/ (X*2) 

SXSSe— (+/X)*2 

SY4- +/Y 

BYX4= SXY-(SXSY=N) 

BYX@ BYX+(SXS-(SXSS=N) ) 
AYXe~ (SY- (BYXx(+/X)) )=N 
YPé- (BYXxSH) +AYX 

WLS€ YP+360 

ID 


"MAX HEART RATE IS'5H - 


'90 PERCENT OF ABOVE IS';SH 


"CORRECTED WORK LOADS ARE';Y 


"WORK LOAD TO PEDAL AT IS';YP 


"WORK LOAD TO PEDAL AT 60 RPM IS';WLS 
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APPENDIX C 


APL PROGRAM FOR COMPUTING OXYGEN UPTAKE 


v VO2 

[1] POE40x2.5 

[2] N€-100-(POE+C) 

[3] POI4Nx. 2648 

[4] POC4-(POI-POE)+100 
[5] V4-Mx.1332 

[6] CV4-VxSTPD 

[7] VO2L4-CVxPOC 

[8] VO2ML4 (V02Lx1000)+KG 
(9] ID 
[10] 'VO2 IN LITERS PER MINUTE IS';VO2L 


[11] 'VO2 IN ML PER KG PER MINUTE IS';VO2ML 
v 
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APPENDIX D 


INFORMED CONSENT FORM 


University of Alberta 
Department of Physical Education 
NAME: 
BIRTHDATE: 
ADDRESS: 
TELEPHONE NUMBER: 

The purpose of this study is to investigate the effects of 
dextroamphetamine sulfate on selected physiological, psychological, 
and physical performance parameters of male athletes in the non- 
competitive season. The specific parameters to be investigated are: 
physiological - heart rate, blood pressure, and oxygen uptake; 
psychological - subjective rating of perceived exertion; and physical 
performance - endurance performance time on the bicycle ergometer. 

Initially, a preliminary testing session involving a progressive 
work load test on the bicycle ergometer will be completed by each 
subject. The test protocol for the following three testing sessions 
will be completed by each subject once without taking either dextro- 
amphetamine sulfate or the placebo, once after taking the drug, and 
once after taking the placebo. The drug will be administered orally 
by dissolving such in eight ounces of orange juice. Each subject will 
receive 0.14 mg. per kilogram of body weight of dextroamphetamine 
sulfate. 

Participants are advised of the following: 


Dextroamphetamine sulfate, the d-isomer of amphetamine, is a 
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sympathomimetic drug with predominantly central nervous system action 
and weak peripheral sympathomimetic effects. The main a mecaiacical 
actions of oral administration of amphetamines in usual therapeutic 
doses of five to thirty milligrams are: central nervous system effects - 
stimulation of the central nervous system including attentiveness, 
alertness, concentration, and decreased sense of fatigue; peripheral 
effects - include an increase in heart rate and blood pressure, 
respiratory stimulation, pupillary dilatation; relaxation of the smooth 
muscles of the gastrointestinal tract, bronchioles, and urinary bladder; 
and an increase in blood sugar level. 

Acute toxic effects of amphetamines are usually the result of 
a single dose that is many times larger than the therapeutic dose levels. 
The central nervous system effects may include restlessness, dizziness, 
insomnia, irritability, anxiety, tenseness, and nervousness. Cardio- 
vascular effects include headache, pallor or flushing, chilliness, 
cardiac arrhythmias, hypertension or hypotension, and palpitation. 
Gastrointestinal effects include nausea, anorexia, and dry mouth. 

The purpose and procedure of the study has been explained to me 
and I fully understand such. I hereby agree to participate in the above 
mentioned study. I hereby specifically agree to hold the University of 
Alberta and all investigators of this study legally blameless for any 
accident that I may incur. 


I have read and fully understand the above. 


WITNESS AND DATE OF SIGNING SIGNATURE AND DATE OF SIGNING 
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APPENDIX E 


INSTRUCTIONS TO SUBJECTS FOR 
PRELIMINARY TESTING SESSION 
This test is a progressive work load test to maximum on the 

bicycle ergometer. You are to cycle at 60 revolutions per minute 
(following the metronome) at an initial low work load of one kilopond 
for four minutes duration. The work load will be increased by either 
one-half of a kilopond or one kilopond every four minutes. You are to 
continue cycling until you can no longer perform the task. Your heart 
rate will be recorded between three and one-half and four minutes of 
every work load during the test. Your performance on the test will be 


compared with the performances of all the other subjects. 
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APPENDIX F 


INSTRUCTIONS TO SUBJECTS FOR THE 
THREE TESTING SESSIONS 

The three testing sessions will involve the following test 
protocol: 

Resting measurements of heart rate, blood pressure, and oxygen 
uptake will be taken 30 minutes after orally ingesting 0.14 mg. per 
kilogram of body weight of dextroamphetamine sulfate, after ingesting 
the placebo, or after ingesting neither. The drug will be dissolved in 
eight ounces of orange juice. 

Exercise on the bicycle ergometer will be done at a 
predetermined constant work load. A two minute warm-up at 0.5 and 1.0 
kiloponds will precede the exercise. It is important to maintain the 
pace at 60 revolutions per minute during the exercise. Cycle for as 
long as yor at and tell me when you can no longer continue. Exercise 
measurements of heart rate, blood pressure, and oxygen uptake will be 
taken at specific time intervals during exercise. 

Recovery measurements of heart rate, blood pressure, and 
oxygen uptake will be taken 5, 10, and 15 minutes following the end of 
exercise. 

Every subject will respond to a rating scale of perceived 
exertion at specific time intervals during exercise. The following 


page provides an explanation of the rating scale. 


149 


Yeed goiwollod ons: Svbes 


2 - 2 


ney 4c: DPe6 ommaay rf i a en a Lantus 
ui iy OAS : 
199° 4 gmp bref palsasyer "yilaxa aenks) ey eae ee 


ankaeagiil: esis vasha.lus Les AUN 


| tre ay jens od hee guub Any “she eta i 


ih oe Paneth: at 

a ee et ht iw ‘seusaoure- -sidyodd aa fc) basta ae 

bu bi e 70 4 quam tB sausiee own hs cet o> hy avers | 
7m icpinksm od. Agni toant oe sf" ont ag ee 


5 pred 


2 503 ye FO) caeisvexa oda dhe rai tyes 


a f a 


sek vi9¥s - un faros vogsol 6a: nips soy 


ai itive aateqt redure ‘thé oqueasity ‘eotd cies sans te 


BG 


in -dhtot9xs gelaub atevasine wnt oPitosian isn 


beta Susrasitg: ‘idole: ener Stod 4 ‘ethtabauensa, qravooss 


~o 


“20 ina ad aghwoitod eg dty im Ni bars ee ord ei ad, asia slasqu . 


an ene Le ~ "598 


¥ = 


# ‘bevtsaieq to slave Snitey 's ‘oA nbich eny 241 ity 24¢i doe gtewd 


Ei ; ay ( 
" Babwok Led Re eee win ‘ub alevaawnd ae abiseqe -t% ok 18xe ’ 
: . at J 7 eiiee: Eohia3 543° fo ie be) rabivéxq Sgeg ; : 


' @ 
' x. + si 
lie u ; 


ay 


150 


TH RPE SCALE FOR RATINGS OF PERCEIVED EXERTION 


6 

7 Very, very light 
8 

9 Very light 

10 

iL) Fairly Light 

2 
13 Somewhat hard 
14 

15} Hard 

16 

17 Very Hard 

18 

19 Very, very hard 
20 


You now see in front of you a scale which contains numbers from 
6 to 20. The scale is used for you to translate into numbers your 
feelings of exertion during exercise. The range of numbers should 
represent a range of feelings from no exertion (number 6) to maximal 
exertion (number 20). To assist you in selecting a number which 
corresponds’ to your subjective feelings, every other number on the scale 
has a verbal expression of the degree of exertion corresponding to that 
number. It is important that you rate your subjective feelings of 
exertion which are caused by the work and not the work itself. These 
feelings should be general, that is, relating to the whole body. You 
are to select a number which you feel most accurately corresponds to 
your perception of your total body feeling. There are no right or wrong 


answers. Therefore, choose the number that you feel is most appropriate. 
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FIGURE 40 


TYPICAL CHROMATOGRAPH FOR URINE ANALYSIS 
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APPENDIX I 


TABLE 53 


PREDICTED AND ACTUAL HEART RATES (BEATS PER MINUTE) 


Subject 90% of Maximum Heart Rate at 10th 
Number Heart Rates from Minute of Exercise 
Preliminary Test (Control Session) 
GROUP A 
a 176 180 
2 156 ih) 3) 
3 162 176 
4 162 164 
GROUP B 
5 166 LES) 
6 176 73 
7 168 180 
8 162 ry 3 
GROUP C 
9 150° 145 
10 156: gh) 155 
amt 162 150 
a2 168 161 
MEAN 163.67 165.42 
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APPENDIX J 


TABLE 54 


DOSE OF DRUG ADMINISTERED TO SUBJECTS 


pe 


Subject Number Dose in Milligrams 
at 1k 
2 10 
3 10 
4 10 
5: 12 
6 10 
i 10 
8 10 
9 dal 

10 | ilat 
IAL 13 
2 af 
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APPENDIX K - RAW DATA 


TABLE 55 


AGE, HEIGHT, WEIGHT, AND MAXIMUM HEART RATE OF SUBJECTS 


Subject Age Height Weight Maximum 
Number (Years) (Centimeters) (Kilograms) Heart Rate 
; (Beats per 
Minute) 
GROUP A 
1 18.3 190.5 78.6 195 
2 2330 169.5 71.4 173 
5 2G £72.0 69.5 180 
4 27.8 164.0 1255 180 
GROUP B 
5 26.9 185.0 83.0 184 
6 SiG 270.2 69.3 195 
7 24.0 170.0 FOwS 187 
8 24.9 183.0 69.6 180 
GROUP C 
9 20.1 L770 po) gl 167 
10 28.6 180.0 80.5 173 
Ans fas yee 185.9 95.0 180 
12 26.8 171.0 77.6 187 
MEAN Zaee 176.5 76.5 181.8 
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TABLE 56 


HEART RATE AT REST (BEATS PER MINUTE) 


ne ey eee 


a en ry eee 


Subject Number Control Drug Placebo 
a eee eee 

GROUP A 

1 68 67 62 

2 oe) 55 5 

3 3) 60 59 

4 48 65 50 
GROUP B 

5 74 TY. 75 

6 63 58 61 

7 61 62 61 

8 49 ay 54 
GROUP C 

9 — 60 57 55 

10 55 65 58 

io 65 é 57 5D 

ly 61 65 70 
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TABLE 5/7 


SYSTOLIC BLOOD PRESSURE AT REST (MM. HG.) 


ea iEnEEn REREAD RntRRnRRSE Enea 


Subject Number Control Drug Placebo 
Pe a I rem 

GROUP A 

u 130 120 120 

2 130 130 120 

3 120 120 110 

4 110 110 120 
GROUP B 

5 120 120 130 

6 120 110 120 

7 110 120 130 

8 130 130 120 
GROUP C 

9 20 130 120 

10 110 110 130 

iE 120 130 130 

£2 110 120 110 
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TABLE 58 


DIASTOLIC BLOOD PRESSURE AT REST (MM. HG.) 


Subject Number Control Drug Placebo 
eee eee 

GROUP A 

a 60 60 50 

2 50 50 40 

3 50 50 50 

4 60 50 50 
GROUP B 

5 60 60 60 

6 60 50 60 

7 60 60 70 

8 60 60 60 
GROUP C 

a ~ 60 60 60 

10 60 50 60 

gL 50 50 60 

2 60 60 60 


MEAN Dice) 55.0 56.7 
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TABLE 59 


OXYGEN UPTAKE AT REST (ML. /KG./MIN.) 


re Nee PN Me de ee eS te 
ee ea eee 


Subject Number Control Drug Placebo 
eg ae a ae 

GROUP A 

1 4.54 5.93 4.19 

Zz 4.66 4.38 4.90 

3 5.14 2 263 Dae. 

4 4.49 6.54 4.50 
GROUP B 

5 4.01 4.86 Gall 

6 2 raid 2426 DREN) 

j 4.07 3.43) 509 

8 Sie dal 4.88 bys) 
GROUP C 

9 “Sah0 Ly aie 8.70 

10 6.02 Oa k2 5.64 

i yer 3.80 4.50 

12 4.64 3.45 Zee 
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TABLE 60 


ENDURANCE PERFORMANCE TIME (MINUTES) 


a ee pn al pla eg OR ke eee westieties  wies a he a eS 


ise aL Aa ee Se ee 


Subject Number Control Drug Placebo 
a ee a ae ee ee ee ee 

GROUP A 

1 3D 45 54 

2 29 44 65 

3 a3 20 23 

4 ds/ 14 14 
GROUP B 

5 20 33 iis! 

6 20 34 24 

7 10 14 13 

8 13 16 LS 
GROUP C 

9 50 60 39 

10 20 23 29 

11 30° 50 30 

2 20 16 ie, 


TABLE 61 


HEART RATE DURING EXERCISE (BEATS PER MINUTE) 


Subject Number Control 
10 Minutes End 


GROUP A 
1 180 195 
2 155 173 
3 176 180 
4 164 173 
GROUP B 
5 173 187 
6 173 187 
7 180 180 
8 173 180 
GROUP’ C 
9 145 161 
10 155 164 
11 150 167 
12 io 480 
MEAN 165.4 177.3 


Drug 
10 Minutes End 


173 


180 


reyes) 


150 


167 


161 


113 


170. 


195 


187 


180 


187 


Q 183.7 


Li6.8 


10 


161 


Placebo 
Minutes End 


180 


195 
180 
180 


Li 


180 
187 
187 


180 
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TABLE 62 


SYSTOLIC BLOOD PRESSURE DURING EXERCISE (MM. HG.) 


Control 
10 Minutes End 


Subject Number 


GROUP A 
1 180 200 
2 190 190 
3 220 210 
4 170 180 
GROUP B 
5 170 190 
6 190 180 
7 160 160 
8 180 180 
GROUP C 
9 190 190 
10 190 190 
11 210 210 
12 200 190 
MEAN 187.5 189.2 
188.3 


Drug 
10 Minutes End 


220 


180 


210 


180 


160 


180 


200 


190 


180 


190 


210 


200 


191. 


220 


190 


210 


180 


200 


190 


200 


190 


200 


200 


210 


200 


Elo ee 


195.4 


162 


Placebo 
10 Minutes End 


200 


160 


220 


200 


190 


190 


170 


190 


180 


180 


200 


210 


190. 


190 
190 
230 


190 


190 
190 
170 


190 
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190 
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TABLE 63 
DIASTOLIC BLOOD PRESSURE DURING EXERCISE (MM. HG.) 


Se ee tt aes a 


Subject Number Control Drug Placebo 
10 Minutes End 10 Minutes End 10 Minutes End 


GROUP A 
L 60 50 60 60 50 50 
Z 50 50 50 50 40 30 
3 40 40 50 50 50 50 
4 50 50 60 60 50 50 
GROUP B 
5 60 60 60 60 70 70 
6 60 60 60 60 60 50° 
7 60 60 60 60 70 70 
8 60 60 60 60 60 60 
GROUP C 
9 50 50 50 40 60 50 
10 60 60 40 50 60 60 
11 50 50 60 50 60 60 
42 60 50 60 60 60 60 
a rr a ee ig oe 
MEAN 5530" 75555 Bae0. 95570 STR) 55.50 
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TABLE 64 


OXYGEN UPTAKE DURING EXERCISE (ML./KG./MIN.) 


Subject Number Control Drug Placebo 
10 Minutes End 10 Minutes End 10 Minutes End 


GROUP A 

1 53035) a 41630 LEA03 #4 leg 3 39.34 42.04 

2 ESTs, 53400 43.00 48.38 30.84 46.52 

3 37.84 59.85 Bouse] 02 37.80) M5. 02 

4 39.48 51.87 Ee 6) | Uy eT 45.21 36.83 
GROUP B 

5 29.60 40.67 45.20 41.70 46.25 59.90 

6 42.56 43.98 41.38 42.05 58.42 46.73 

7 §3312° 4258512 392671 56.72 42.65 56.79 

8 52.51 48.15 40.01 46.89 58.60 47.57 
GROUP C 

9 322440. SS ely 37.62 39.09 43.58 44.75 

10 40.35 37.40 46.76 33.58 44.60 45.35 

11 4570 a jee 26.76 34.06 37.84, Gi.73 

12 $2223 942080 34.70 29.46 37.53 48.32 

MEAN 41.27 45.62 39.23 + 42.82 43.48 47.37 


43.45 40.83 45.43 
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TABLE 70 


RESTING AND FIFTEENTH MINUTE OF RECOVERY 
HEART RATES (BEATS PER MINUTE) 


Subject Number Control Drug Placebo 
Rest Recovery Rest Recovery Rest Recovery 
GROUP A 
u 68 107 67 118 62 96 
2 Do 70 55 92 51 86 
5) aD 85: 60 105 59 102 
4 48 90 65 100 50 88 
GROUP B 
5 74 Lis AD Liv 75 105 
6 63 oi 58 103 61 92 
7 61 LO7 62 123 61 EES 
8: 49 107 a2 96 54 90 
GROUP C 
9 60 G2 57 102 55 90 
10 55 93 65 LEE 58 G2 
i 65 90 Sy 92 55 95 
2 61 10D. 65 110 70 92 
MEAN 59.3 $9620 6P.L 105.8 59.23. “958s 


RI eS 83.4 Be 3 


nee IER a al 


a ot a haem aan ri ee ies iaall igen ih 
a’ —m- ee ere “= i ial a eet ne te ey ees ee ct tt 


odssate gor. 
yrevone# tank Nesepy ed yeas. re ve ‘call 


~ R mrt yif  ft ee Ake Po AN ee = 


= =~ 


7” pt >. "4 : a iia pollen Maay ce 
Be $9 4 BE OR PN i 


ae if ‘0° ge - OF 
> Re AOL ae: ae i 


ay Oe OOL3. 4%» Ss EL 


“et 

\ 
9 
rag 
aD 
~ 
al 
7 
od 


g Re (159 ao . 8 
264 ia. ee is ist oy 08 Fe 


Se MME NR ARR aa 


> s ely 
ee oy et eee ee a a ae ce 
#00 PRE 6° BOP Teel)" ee ee 


ae may rs j > 


bal (ss 


TABLE 71 


RESTING AND FIFTEENTH MINUTE OF RECOVERY 
SYSTOLIC BLOOD PRESSURES (MM. HG.) 


Subject Number Control Drug Placebo 
Rest Recovery Rest Recovery Rest Recovery 
GROUP A 
E 130 120 120 130 120 110 
Z 130 110 130 110 120 110 
3 120 110 120 120 110 110 
4 110 110 110 110 120 110 
GROUP B 
3 120 120 120 120 130 110 
6 120 120 110 110 120 130 
vi 110 120 120 120 130 120 
8. 130 120 130 120 120 120 
GROUP C 
9 110 120 130 130 120 120 
10 110 110 110 120 130 120 
Aa 120 120 1.30 130 130 120 
42 110 110 120 120 110 110 
ee! ey A aCe ee ee ees oF ee ee 
MEAN LES.3, LBS<8 126.8 12050 IZ? Mises 


Lun. £ 120.4 186.8 
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TABLE 72 


RESTING AND FIFTEENTH MINUTE OF RECOVERY 
DIASTOLIC BLOOD PRESSURES (MM. HG) 


a 


Subject Number Control Drug Placebo 
Rest Recovery Rest Recovery Rest Recovery 
GROUP A 
i 60 50 60 60 50 50 
2 50 50 50 50 40 40 
BE: 50 50 50 50 50 50 
4 60 60 50 50 50 50 
GROUP B 
J 60 60 60 60 60 60 
6 60 60 50 50 60 60 
7 60 60 60 60 70 50 
oa 60 60 60 50 60 60 
GROUP C 
9 60 60 60 60 60 50 
10 60 50 50 50 60 50 
ii 50 50 50 40 60 60 
2 60 607 | 60 60 60 60 
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RESTING AND FIFTEENTH MINUTE OF RECOVERY 


Subject Number 


TABLE 73 


OXYGEN UPTAKES (ML./KG./MIN.) 


Cont 


rol 


Rest Recovery 


Drug 
Rest Recovery 
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ebo 
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Rest Recovery 


GROUP A 
1 4054-95. 92 593) 5.94 LO” S608 
Z Ae662 5263 4.38 6.30 4.90 3.77 
3 5.14. 23.40 DG) 423 D990 Ghai 
4 At Vh.33 6.54. = 5046 4.50 3.88 
GROUP B 
5 AO1e- 5450 G86" 8.55 4.17 6180 
6 2, DPS 25269" (5,00. 2 1B VESA0 
7 4507" "(65.85 3235) 55.69 5.09 6.47 
8 Sal] «(OSs 4.88 5.14 Bia y ews 
GROUP C 
9 30700 = 5.07 72 Sale $270, eS 
10 6.02 6.96 Ge 7549 5564 p58 
Ty: 3.75) 3.80 8760 4283 A550) 1536 
12 4.64 4.87 B45 6256 291. 26591 
MEAN HES) i522 4.41 6.08 ee ee eg ih 
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TABLE 74 


URINE SAMPLES 


a 


Subject Number Volume Produced pH 
(Milliliters) 
NS 1S ed a ee ee ee ee 2 

i 80 | 5.8 

2 50 6.0 

3 154 6.2 

4 54 6.4 

5 110 Gay 

6 70 Grrl 

7 86 539 

8 50 130. 

9 124 6.0 

10 92 SRA 

m7 230 6.0 


12 82 6.0 
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